Capacity & Facility Requirements

In efforts to quantify an airport’s future facility needs, it is
necessary to translate the forecasted aviation activity into specific physical
requirements for King County International Airport/Boeing Field (BFI or Airport).
Therefore, this chapter analyzes the actual types and quantities of facilities
and/or the required improvements to existing facilities needed to accommodate
the projected demand safely and efficiently. For those components determined
to be deficient, the type, size, or amount of facilities required to meet the
demand is identified. Two separate analyses are included: those requirements
related to airside facilities, and those requirements related to landside facilities.

This analysis uses the forecasts presented in the preceding chapter for establishing future development at
the Airport. This is not intended to dismiss the possibility that either accelerated growth or consistently
higher or lower levels of activity may occur. Aviation activity levels should be monitored for consistency with
the forecasts. In addition, an airport’s runway(s) and taxiways should be designed in accordance with the
specified Runway Design Code (RDC) based on the “Design Aircraft”. The FAA defines “Design Aircraft” as an
aircraft or group of aircraft within an RDC that have a minimum of 500 annual operations at an airport. The
existing Airport Layout Plan (ALP) indicates Runway 14R/32L is designated as RDC D-1V, while Runway
14L/32R is designated as RDC B-I (Small Aircraft). Based on the critical aircraft analysis conducted for this MP
Update, these existing RDCs have been confirmed. Therefore, the following RDCs at BFI will be evaluated for
this planning effort:

Runway 14R/32L: RDC D-1V-4000
Runway 14L/32R: RDC B-I (Small Aircraft)-Visual

The capacity of an airfield is primarily a function of the major aircraft operating surfaces that compose the
facility and the configuration of those surfaces (runways and taxiways). However, it is also related to and
considered in conjunction with environmental conditions, wind coverage, airspace utilization, and the
availability and type of navigational aids. Capacity refers to the number of aircraft operations that a facility
can accommodate either on an hourly or yearly basis. It does not refer to the size or weight of aircraft.

The evaluation method used to determine the capacity of the airside facilities to accommodate aviation
operational demand is described in the following narrative. Evaluation of this capability is expressed in terms
of potential excesses and deficiencies in capacity. The methodology used for the measurement of airfield
capacity is described in Federal Aviation Administration (FAA) Advisory Circular (AC) 150/5060-5, Airport
Capacity and Delay.
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From this methodology, airfield capacity is defined in the following terms:

Hourly Capacity of Runways: The maximum number of aircraft that can be
accommodated under conditions of continuous demand during a one-hour period.
Annual Service Volume (ASV): A reasonable estimate of an airport’s annual capacity (i.e.,
level of annual aircraft operations that will result in an average annual aircraft delay of
approximately one to four minutes).

The capacity of an airport’s airside facilities is a function of several factors. These factors include the layout
of the airfield, local environmental conditions, specific characteristics of local aviation demand, and air traffic
control requirements. The relationship of these factors and their cumulative impact on airfield capacity are
examined in the following paragraphs.

The arrangement and interaction of airfield components (runways, taxiways, and ramp entrances) refers to
the layout or “design” of the airfield. As previously described, BFI is operated with a parallel runway
configuration (Runway 14R/32L & Runway 14L/32R) that are oriented in a general northwest-southeast
direction and supported by a system of parallel and connecting taxiways.

Climatological conditions specific to the location of an airport not only influence the layout of the airfield, but
also affect the use of the runway system. Surface wind conditions have a direct effect on the operations of
an airport; runways not oriented to take the fullest advantage of prevailing winds will restrict the capacity of
the airport to varying degrees. When landing and taking off, aircraft can operate properly on a runway if the
wind component perpendicular to the direction of travel (defined as a crosswind) is not excessive. The wind
coverage analysis translates the crosswind velocity and direction into a “crosswind component”. Smaller
aircraft are more easily affected by crosswinds than larger aircraft, so therefore, they have a smaller
crosswind component.

Ceiling and Visibility. FAA Advisory Circular 150/5060-5, Airport Capacity and Delay, describes three
categories of ceiling and visibility minimums for use in both capacity and delay calculations. Visual Flight
Rules (VFR) conditions occur whenever the cloud ceiling is at least 1,000 feet above ground level and the
visibility is at least three statute miles. Instrument Flight Rules (IFR) conditions occur when the reported
cloud ceiling is at least 500 feet, but less than 1,000 feet and/or visibility is at least one statute mile, but less
than three statute miles. Poor Visibility and Ceiling (PVC) conditions exist whenever the cloud ceiling is less
than 500 feet, and/or the visibility is less than one statute mile. However, meteorological data obtained for
BFI from the National Oceanic and Atmospheric Administration (NOAA), National Climatic Data Center
(NCDC) (2006 to 2015) for use in this planning effort, have been categorized in more specific terms.
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A summary of this data is presented in the following text and Table C1.

VFR Conditions: A cloud ceiling equal to or greater than 1,000 feet above ground level
(AGL) and the horizontal visibility is equal to or greater than 3 statute miles (SM). These
conditions occur at the Airport approximately 91.7 percent of the time annually.

VFR minimums to RNAV GPS Approach minimums (Runway 14R): A cloud ceiling less than
1,000 feet AGL and/or visibility less than 3 SM, but ceiling is equal to or greater than 680!
feet AGL and visibility is equal to or greater than % SM. These conditions occur at the
Airport approximately 4.2 percent of the time annually.

VFR minimums to RNAV RNP Approach minimums (Runway 14R): A cloud ceiling less than
1,000 feet AGL and/or visibility less than 3 SM, but ceiling is equal to or greater than 5422
feet AGL and visibility is equal to or greater than 1% SM. These conditions occur at the
Airport approximately 4.5 percent of the time annually.

VFR minimums to ILS Approach minimums (Runway 32L): A cloud ceiling less than 1,000
feet AGL and/or visibility less than 3 SM, but ceiling is equal to or greater than 428 feet
AGL and visibility is equal to or greater than 1% SM. These conditions occur at the Airport
approximately 5.1 percent of the time annually.

VFR minimums to ILS Approach minimums (Runway 14R): A cloud ceiling less than 1,000
feet AGL and/or visibility less than 3 SM, but ceiling is equal to or greater than 3083 feet
AGL and visibility is equal to or greater than %4 SM. These conditions occur at the Airport
approximately 6.3 percent of the time annually.

Below Runway 14R Instrument Approach Minimums: A cloud ceiling less than 308 feet AGL
and/or visibility less than % SM. These conditions occur at the Airport approximately 2.0
percent of the time annually.

VFR minimums to Cat | ILS Approach minimums (Potential): A cloud ceiling less than 1,000
feet AGL and/or visibility less than 3 SM, but ceiling is equal to or greater than 200 feet
AGL and visibility is equal to or greater than 3 SM. These conditions occur at the Airport
approximately 6.8 percent of the time annually.

VFR minimums to Cat Il ILS Approach minimums (Potential): A cloud ceiling less than 1,000
feet AGL and/or visibility less than 3 SM, but ceiling is equal to or greater than 100 feet
AGL and visibility is equal to or greater than % SM. These conditions occur at the Airport
approximately 7.1 percent of the time annually.

B W=

Ceiling minimum for procedure was lowered from 703’ to 662’ in August 2017 and raised to 680’ in 2019.
Ceiling minimum for procedure was increased from 505’ to 524’ in August 2017 and raised to 542 in 2019.
Ceiling minimum for procedure was increased from 273’ to 290’ in August 2017 and raised to 308’ in 2019.
Visibility minimum for procedure was lowered from 1 mile to % mile in August 2017.
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Table C1 EXISTING METEOROLOGICAL CONDITIONS

Existing
VFR (Greater Than: 1,000 FT; 3 SM) 91.7% 334.7
MVFR (1,000 - 3,000 FT; 3 - 5 SM)* 21.7% 79.2
IFR (680-1,000 FT; %-3 SM) to VFR Mins. (Runway 14R) 4.2% 15.3
IFR (542-1,000 FT; 1.5-3 SM) to VFR Mins. (Runway 14R) 4.5% 16.4
IFR (428-1,000 FT; 1.5-3 SM) to VFR Mins. (Runway 32L) 5.1% 18.6
IFR (308-1,000 FT; %-3 SM) to VFR Mins. (Runway 14R) 6.3% 22.9
Below Minimums (0-308 FT; O- % SM) 2.0% 7.3
Potential/Comparative IFR
IFR (200-1,000 FT; %-3 SM) to VFR Mins. (Cat | ILS) 6.8% 24.8
IFR (100-1,000 FT; %-3 SM) to VFR Mins. (Cat Il ILS) 7.1% 25.9

SOURCE: Weather analysis tabulation provided by Mead & Hunt utilizing data obtained from NOAA, NCDC Station 727935/BFl. Period of
Record: 2006-2015.
! Marginal VFR (MVFR) is a subset of the VFR total.

Therefore, in consideration of the existing weather data available for analysis from the existing BFI
Automated Surface Observing System (ASOS), it can be noted that approximately 75 percent of the available
IFR accessibility is provided by the Runway 14R ILS offering a 290-foot ceiling and %-statute mile visibility
minimums. Thus, the Airport can be expected to experience VFR conditions approximately 91.7 percent of
the time, IFR conditions approximately 6.3 percent of the time, and below minimums approximately 2.0
percent of the time. Additional IFR data, demonstrating potential lower instrument approach minimums
(e.g., Cat | and Cat Il ILS) has also been provided for comparative analysis. These findings will be evaluated in
a later section of this document to identify potential future instrument procedure enhancements or revisions
for the Airport.

Wind Coverage. Surface wind conditions (i.e., direction and speed) generally determine the desired
alignment and configurations of the runway system. Runways that are not oriented to take advantage of
prevailing winds will restrict the capacity of an airport. Wind conditions affect all aircraft in varying degrees;
however, the ability to land and takeoff in crosswind conditions varies according to pilot proficiency and
aircraft type. Generally, the smaller the aircraft, the more it is affected by crosswinds.

To determine wind velocity and direction at BFI, wind data to construct the all-weather wind rose was
obtained for the years 2006-2015 from observations taken at the Airport. There were approximately 97,068
observations available for analysis during this ten-year period. The allowable crosswind component is
dependent upon the RDC for the type of aircraft that utilize the Airport on a regular basis. As identified
previously, the RDC for Runway 14R/32L is D-IV and Runway 14L/32R is B-I (Small Aircraft).

In consideration of the RDC D-1V classification for Runway 14R/32L, these standards specify that the 20-knot
crosswind component be utilized for the analysis. In consideration of the RDC B-I (Small Aircraft)
classification for Runway 14L/32R, these standards specify that the 10.5-knot crosswind component be
utilized for the analysis, which is considered the maximum crosswind component to serve small single and
multi-engine aircraft. Therefore, depending on runway designation, the 20-knot and 10.5-knot crosswind
components, were analyzed. Figure C1 illustrates the all-weather wind coverage provided at BFI.
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The desirable wind coverage for an airport’s runway system is 95 percent. This means that the runway
orientation and configuration should be developed, so that the maximum crosswind component is not
exceeded more than five percent of the time annually. Table C2 the wind coverage offered by the Airport’s
existing runway system, including the coverage for each runway end. Based on the all-weather wind analysis
for BFI, utilizing data from the NCDC and the FAA Wind Analysis tool, the existing runway configuration
provides excellent wind coverage (i.e., more than 99 percent for the 10.5-knot crosswind component.
Therefore, no additional runways are required from a wind coverage standpoint. In consideration of a single
runway end, Runways 14R & 14L offer superior wind coverage for the all-weather condition.

Table C2 ALL-WEATHER WIND COVERAGE SUMMARY

Runways 14R/32L & 14L/32R 99.2% 100%
Runways 14R & 14L 93.6% - - 94.4%
Runways 32L & 32R 72.5% - - 72.7%

Combined Runways 99.2% - - 100%

SOURCE: Wind analysis tabulation provided by Mead & Hunt utilizing the FAA Airport Design Tools, Wind Analysis. Wind data
obtained from NOAA, NCDC Station 727935/BFI. Period of Record: 2006-2015.
Note: A 5-knot tailwind component was used for the individual runway end analysis.

Figure C1 ALL-WEATHER WIND ROSE

SOURCE: Wind rose provided by Mead & Hunt utilizing the FAA
Airport Design Tools, Wind Analysis. Wind data
obtained from NOAA, NCDC Station 727935/BFI.
Period of Record: 2006-2015.

The Airport is served by five instrument approach
procedures (four to Runway 14R and one to
Runway 32L). To analyze the effectiveness of the
current approaches an IFR wind analysis has been
conducted. Using the wind data obtained from
the NCDC, Table C3 quantifies the wind coverage
provided during IFR meteorological weather
conditions (i.e., ceiling less than 1,000 feet AGL
and/or visibility less than three SM) to each
runway and the individual runway ends. From the
analysis, it can be determined that Runway 14R
offers the best overall wind coverage under IFR
meteorological conditions, which is consistent
with the findings of the all-weather wind analysis.
Figure C2 graphically portrays the IFR wind
coverage.
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Table C3 IFR WEATHER WIND COVERAGE SUMMARY

Runways 14R & 32L 99.7% - - 100%
Runway 14R 96.9% 97.2%
Runway 32L 78.8% 79.0%

SOURCE: Wind analysis tabulation provided by Mead & Hunt utilizing the FAA Airport Design Tools, Wind Analysis. Wind data
obtained from NOAA, NCDC Station 727935/BFI. Period of Record: 2006-2015.
Note: A 5-knot tailwind component was used for the individual runway end analysis.

Figure C2 IFR WEATHER WIND ROSE

SOURCE: Wind rose provided by Mead & Hunt utilizing the FAA
Airport Design Tools, Wind Analysis. Wind data obtained
from NOAA, NCDC Station 727935/BFl. Period of Record:
2006-2015.

Certain site-specific characteristics related to
aviation use and aircraft fleet impact the capacity of
the airfield. These characteristics include runway
use, aircraft mix, percent arrivals, touch-and-go
operations, and exit taxiways.

Aircraft Mix. The capacity of a runway is dependent
on the type and size of the aircraft that utilize the
facility. Aircraft are categorized into four classes:
Classes A and B consist of small single engine and
twin-engine aircraft (both prop and jet), weighing
12,500 pounds or less, which are representative of
the smaller general aviation fleet. Class Cand D
aircraft (aircraft weighing between 12,500 - 300,000
pounds and greater than 300,000 pounds
respectively) are large jet and propeller aircraft
typical of those utilized by the larger general aviation fleet, airline industry, and the military. Aircraft mix is
defined as the relative percentage of operations conducted by each of these four classes of aircraft. In
consideration of the forecasts presented in the previous chapter, an aircraft mix table has been generated.
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Table C4 presents the projected operational mix for the selected forecasts.

Table C4 AIRCRAFT CLASS MIX FORECAST, 2015-2035

20151 72.3% 25.6% 2.1% 37.6% 58.5% 4.8%

2020 69.0% 28.0% 2.1% 36.0% 60.0% 4.7%

2025 66.0% 32.0% 2.2% 34.5% 61.5% 4.5%

2030 62.5% 36.0% 2.3% 33.0% 63.0% 4.3%

2035 59.2% 38.3% 2.4% 31.4% 64.5% 4.1%

Notes: Future percentage breakdowns were estimated by Mead & Hunt.

! Existing percentage breakdowns were tabulated/estimated by Mead & Hunt from review of 2015 BFI Passur data.
Class A - Small Single Engine, < 12,500 pounds. Class B - Small Twin-Engine, < 12,500 pounds.
Class C - 12,500 - 300,000 pounds. Class D - > 300,000 pounds.

Percent Arrivals. Runway capacity is also significantly influenced by the percentage of all operations that are
arrivals. Because aircraft on final approach are typically given absolute priority over departures, higher
percentages of arrivals during peak periods of operations will reduce the ASV. The operations mix occurring
on the runway system at the Airport reflects a general balance of arrivals to departures; therefore, it will be
noted in the capacity calculations that arrivals equal departures during the peak period.

Touch-and-Go Operations. A touch-and-go operation refers to an aircraft maneuver in which the aircraft
performs a normal landing touchdown followed by an immediate takeoff, without stopping or taxiing clear of
the runway. These operations are normally associated with training activity and are included in local
operations figures when reported by an air traffic control tower. According to discussions with BFI Airport
Traffic Control Tower (ATCT) staff, touch-and-go operations are estimated to represent between 10 percent
and 15 percent of the total annual operations being conducted at the Airport. It is anticipated that this
existing level of flight training will likely continue through the planning period; thus, the overall percentage of
touch-and-go activity is projected to remain relatively constant through the planning period.

Runway Use. The use configuration of the runway system is defined by the number, location, and
orientation of the active runway(s) and relates to the distribution and frequency of aircraft operations to
those facilities. Both the prevailing winds in the region, the instrument approach procedure capabilities the
runways, and the existing runway configuration at BFI combine to dictate the utilization of the existing
runway system. In addition, the BFI ATCT has in place an existing waiver (Waiver 02-T-08) that authorizes
simultaneous same direction operations, during VFR conditions, on the parallel runways by Category I° and
Category |16 aircraft. This operational waiver, which is authorized at the existing non-standard runway
centerline separation of 377 feet, serves to increase the utilization of Runway 14L/32R by the smaller aircraft
fleet and enhance the operational throughput of the Airport.

5 Small single engine, propeller driven aircraft weighing 12,500 Ibs. or less and all helicopters.
6 Small twin engine, propeller driven aircraft weighing 12,500 Ibs. or less.
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According to the analysis of 2015 Passur data and estimates by BFI ATCT staff, the existing runway utilization
breakdown for the Airport is presented as follows:

Runway 14R/32L @ 50.0 percent Runway 14L/32R @ 50.0 percent
Runway 14R @ 34.0 percent Runway 14L @ 34.0 percent
Runway 32L @ 16.0 percent Runway 32R @ 16.0 percent

Exit Taxiways. The capacity of a runway system is greatly influenced by the ability of an aircraft to exit the
runway as quickly and safely as possible. Therefore, the quantity and design of the exit taxiways can directly
influence aircraft runway occupancy time and the capacity of the runway system.

Based on the location of the existing exit taxiways serving the runway system at BFl, the number of available
exit taxiways for use in the capacity calculation is generally adequate. For Runway 14R/32L, in consideration
of the mix index of aircraft, the capacity analysis described in the FAA Advisory Circular 150/5060-5, Airport
Capacity and Delay, gives credit to only those exit taxiways located between 3,000 and 5,500 feet from the
landing threshold for aircraft operating under both VFR and IFR conditions.

Therefore, landings to each end of Runway 14R/32L received an exit factor rating of two. Due to the shorter
length of Runway 14L/32R, landings to each runway end only received an exit factor of one. A taxiway exit
factor rating of four is the maximum rating that can be received, and no credit given for an exit within 750
feet of another exit. Thus, the number and location of a runway’s exit taxiways is one of the variables that
can influence the hourly throughput capacity of the facility. Given the Airport’s existing and projected
operational levels, the future addition and/or repositioning of existing exit taxiways (if any) will be evaluated
in conjunction with the formulation of airside development alternatives.

The FAA specifies separation criteria and operational procedures for aircraft in the vicinity of an airport
contingent upon aircraft size, availability of radar, sequencing of operations, and noise abatement
procedures (both advisory and/or regulatory, which may be in effect at the Airport). Typically, the impact of
air traffic control on runway capacity is most influenced by aircraft separation requirements dictated by the
mix of aircraft utilizing the Airport. However, as noted in the Inventory chapter (see page A.34), there are
several existing airspace and instrument approach procedure constraints for BFl that were documented in
the 2015 NextGen Airspace Optimization Study. At present, any arrival or departure capacity constraints at
SEA will also impact the operational throughput capacity of operations at BFl. The identified Air Traffic
Control (ATC) enhancement opportunities for BFl are focused on a de-confliction of the airspace with SEA
that would ultimately permit independent operations for both arrivals and departures between the two
airports. The combination of these airspace improvements and the potential for improved instrument
approach procedure minima could positively impact the operational capacity at BFI.
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As previously described, the determination of capacity for BFl uses the methodology described in the FAA
Advisory Circular 150/5060-5, Airport Capacity and Delay. Several assumptions are incorporated in these
capacity calculations: arrivals equal departures, the percent of touch-and-go operations is between zero and
50 percent of total operations, there is a full-length parallel taxiway with ample exits and no taxiway crossing
problems, there are no airspace limitations (as noted in the section above, this is not the case at BFl), the
Airport has at least one runway equipped with an ILS and the necessary air traffic control facilities to carry
out operations in a radar environment, IFR weather conditions occur roughly 10 percent of the time, and
approximately 80 percent of the time the Airport is operated with the runway use configuration that
produces the greatest hourly capacity.

Applying information generated from the preceding analyses, capacity and demand are formulated in terms
of the following results:

Hourly Capacity of Runways (VFR and IFR) Annual Service Volume (ASV)

Calculations of hourly capacity begin with an evaluation of each possible runway-use configuration at the
Airport. With consideration of the Airport’s aircraft mix index, annual percentage of touch-and-go
operations, and taxiway exit rating, an hourly capacity was calculated. In its normal operating configurations,
the VFR hourly capacity is potentially as high as 90 operations and the IFR hourly capacity is potentially as
high as 45 operations per hour.

After determining the hourly capacity for each potential runway use configuration, a weighted hourly
capacity of the entire Airport can be calculated. The weighted hourly capacity takes into consideration not
only the aircraft mix index, but the percent utilization of each possible runway use configuration as well. The
weighted hourly capacity for BFI for 2015 was determined to be approximately 89.6 operations per hour.
This weighted hourly capacity can then be used in calculating the ASV for the Airport.

The ASV is calculated using the following formula:

ASV=CwxDxH

CW weighted hourly capacity
D ratio of annual demand to average daily demand
H ratio of average daily demand to average peak hour demand

With the existing runway configuration, and in consideration of existing utilization patterns, the Airport has
been determined to have a daily ratio (D) of 270.5 and an hourly ratio (H) of 10.0 and, thus, an ASV of
approximately 243,247. Conditions that involve the determination of the weighted hourly capacity and the
daily demand are not forecast to change significantly at the Airport in the future, and those numbers will
generally remain constant throughout the planning period.

»£] King County
International Airport/
Boeing Field s



The hourly ratio, as specified in the formula, is the inverse of the daily operations that occur during the peak
period. In other words, as operations increase, the peak periods tend to spread out, increasing the hourly
ratio (H). As the hourly ratio increases, the ASV will increase. Thus, as presented in Table C5 even without
runway improvements, the ASV at BFI could increase to over 250,000 operations by 2035.

This analysis indicates that the forecast operational demand for BFI can be adequately accommodated by the
existing parallel runway configuration, operating with the current ATC waiver (Waiver 02-T-08) that permits
simultaneous same direction operations for Category Il aircraft during VFR conditions. It should also be
noted that the Airport has historically accommodated annual operation totals in excess of 350,000, and thus
it can be concluded that overall annual capacity will not be an issue within the 20-year planning period
covered in this Master Plan Update. However, the potential for future instrument approach procedure
enhancements and taxiway improvements will be examined and potentially recommended for development
to maintain an efficient and safe aviation operational environment.

Table C5 AIRFIELD CAPACITY FORECAST SUMMARY, 2015-2035

2015 165,571 61 243,247
2020 159,239 60 237,843
2025 153,148 59 232,622
2035 170,956 61 251,158

SOURCE: Mead & Hunt using FAA AC 150/5060-5, Airport Capacity and Delay, September 2005.

The capacity of airport ground access roadway systems is a function of the maximum number of vehicles
accommodated by a roadway section in a given time period. Thus, the capacity analyses for the roadways
providing access to the Airport, as well as the airport roadway system, are based upon generalized planning
guidelines from the 2010 Highway Capacity Manual (HCM), published by the Transportation Research Board.
According to this manual, it is normally preferred that roadways operate below capacity to provide
reasonable flow and minimize delay to the vehicles using it. The manual defines different operating
conditions, known as Levels-Of-Service (LOS). The LOS is a function of the volume and composition of the
traffic and the speeds attained. Six LOS have been established, designated by the letters A-F, providing for
best to worst service in terms of driver satisfaction. LOS A roadways are completely unimpeded in their
ability to maneuver within the traffic system. A LOS C (stable traffic flow and minimal delays) is generally the
preferred level-of-service on an urban road system. Average hourly volumes of airport service roadways of
typical facilities at level-of-service C and D are summarized in Table C6. The various ranges given in the table
make their use in defining roadway capacity analysis beneficial for initial problem testing.
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Table C6 GROUND ACCESS FACILITY VOLUME

Freeways (Uninterrupted Flow Facilities) 1,510-1,830
Signalized Arterials — 40 mph or higher posted speed limit (Interrupted Flow Facilities) 3 996-1,056
Signalized Arterials — 35 mph or slower posted speed limit (Interrupted Flow Facilities) 3 444-900

SOURCE: Mead & Hunt review of 2010 Highway Capacity Manual & Florida Department of Transportation’s Generalized Peak Hour
Directional Volumes.
! Level-of-Service C and D.
2 passenger-Car Equivalents.
3 Includes One-Way Facility Adjustment (increase) of 1.2.

Airport Area Roadway System. The breadth of ranges given in Table C6 is most useful for initial testing of
problems with roadway capacity. At BFI, this relates primarily to the existing east side and west side Principal
Arterial roadways (i.e., Airport Way South and East Marginal Way South) and includes the east-west
connector roadways at the north end of the Airport (i.e., Ellis Avenue South, South Albro Place, and South
Hardy Street) and both Norfolk Road and South Boeing Access Road serving the south end of the Airport.
According to 2014 vehicle volume/capacity data from the Seattle Comprehensive Plan / Transportation
Appendix, both Airport Way South and East Marginal Way South are operating well below capacity (i.e., 38
percent and 34 percent respectively), and each roadway is designated as Major Truck Streets by the Seattle
Department of Transportation.

Based on the 2035 projections from the 2014 Seattle Comprehensive Plan/Transportation Appendix, the
vehicle volume/capacity is forecast to increase only slightly to 49 percent for East Marginal Way South.
However, the 2035 projections for Airport Way South are forecast to exceed 100 percent of the roadway
capacity, due in part to expected increases in vehicle volumes, but also based on current plans for potential
bicycle improvements to the roadway that would reduce the throughput capacity for automobiles. The east
side of the Airport also benefits from an internal access roadway (i.e., Perimeter Road South) that facilitates
the movement of vehicles to all east side aviation development areas, with a limited number of access points
to Airport Way South and connects to South Hardy Street at the north end of the Airport.

Airport Area Highway and Rail System. BFl is also well positioned within a network of state and federal
highways, with Interstate Highway 5 (I-5) located to the east of the Airport, and State Highway 99/West
Marginal Way located to the West. The Airport’s arterial roadway system that was described above is
provided with two connections to I-5 from Airport Way South (at both the north and south ends of the
facility, and three connections to State Highway 99/West Marginal Way from East Marginal Way South (at
both the north and south ends of the Airport and via 16" Avenue South that crosses the Duwamish River at
the South Park Bridge). Given BFI’s location within the Duwamish Industrial Corridor and the corridor’s land
use designation as a Manufacturing Industrial Center (MIC), the Corridor’s role as a major employment
center continues to grow. According to 2013 data presented in the Airport’s most recent Economic Impact
Study, this MIC supports an estimated 21,000 direct and indirect aerospace and manufacturing jobs, and
over 18,400 of these jobs could be attributed to the presence of BFI. It has also been determined that
these employment centers generally operate during non-peak hour traffic periods.
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The non-peak hour traffic LOS ranges from C to A on the arterial roadways in the vicinity of the Airport.
However, the throughput of these roadways can degrade to a LOS ranging from F to D during the peak
period. In addition, the peak period of use for I-5 can begin as early as 5:00 a.m.

In efforts to improve access to the Duwamish Industrial Corridor for these commuting workers, the Sound
Transit Board has approved a draft 2040 System Plan that includes the development of a Boeing Access Road
(BAR), Link, and Sounder Infill Transfer Station. The Transfer Station would be located along the south side of
South Boeing Access Road, between I-5 and the Burlington Northern Santa Fe (BNSF) and Union Pacific (UP)
Rail lines that are utilized by Sound Transit’s Sounder Commuter Rail. With an estimated daily ridership of 4-
6,000 commuters, is has also been determined that the Transfer Station would need to be served with
shuttle bus service to link the various employment centers within the Industrial Corridor along East Marginal
Way South, the Gateway area, and the BFI passenger terminal building. The estimated cost of the BAR, Link,
and Sounder Infill Transfer Station ranges from $218 million to $229 million.

Passenger Terminal Area Roadway, Curb, & Parking. The focus of the access roadway capacity assessment
for the passenger terminal area is on the service provided between the terminal curb or parking areas and
the highway interchange linking the Airport with the regional transportation system. Since previous sections
addressed the capacity of the surrounding arterials and highways, this analysis for the BFI terminal area will
focus on the King County Airport Access Road, which connects the terminal area with Perimeter Road South
and Airport Way South. King County Airport Access Road is a one-way, looped roadway (consisting of two
drive thru lanes) and a designated drop-off/pick-up lane at the terminal curb, which is approximately 250 feet
in length. Most passengers, their baggage, and sometimes accompanying visitors are dropped off and picked
up at the terminal building curb frontage. In this area, passengers leave ground transportation (automobile,
taxi, limousine, or courtesy van) and become pedestrians on their way to or from the terminal building.
Therefore, the terminal curb is the interface between the terminal building and the ground transportation
system. In addition, the terminal parking facilities (serving both passengers and employees) are located
directly northeast of the terminal building and provide ground level parking for 207 vehicles.

Based on existing/forecast passenger enplanement counts and terminal building employees, as well as
Airport Staff observations, it appears that the BFI terminal loop roadway system, terminal curb, and terminal
parking facility has adequate capacity to serve the functions of the passenger terminal area, at an acceptable
LOS, for the duration of the planning period. However, this analysis does not consider background traffic
(traffic using Airport Way South that is unrelated to passenger generated traffic), which could impact travel
times to the BFI passenger terminal area during peak period travel times.

This section has analyzed the capacity of existing facilities at BFl. Both adequate airfield and ground access
facilities are critical components in the ability of the Airport to efficiently serve the public. Capacity
deficiencies that cause delays associated with one area will often be reflected in the ability or inability of the
entire facility to function properly. The following facility requirements section will delineate the various
facilities required to properly accommodate future demand. This information, in addition to the capacity
analysis, will provide the basis for formulating the alternative development scenarios for the Airport,
ensuring that the new Recommended Development Plan can adequately accommodate the long-term
aviation development requirements of the region.
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To identify facility needs, it is necessary to translate the forecast aviation activity into specific types and
quantities. This section addresses the actual physical facilities and/or improvements to existing facilities
needed to accommodate the projected demand that will be placed on the Airport safely and efficiently. This
section consists of two separate analyses: those requirements dealing with airfield facilities, and those
dealing with landside facilities. The analysis of airfield requirements focuses on the determination of needed
facilities and spatial considerations related to the actual operation of aircraft on the Airport. This evaluation
includes the analysis of airfield dimensional criteria according to the updated FAA Advisory Circular
150/5300-13A, Change 1, Airport Design, the establishment of design parameters for the runway and taxiway
system, and an identification of airfield instrumentation and lighting needs.

The types of aircraft that currently operate at BFI, and those projected to utilize the facility in the future have
an impact on the planning and design of airport facilities. This knowledge assists in the selection of FAA
specified design standards for the Airport, which include runway and taxiway dimensional requirements,
runway length, and pavement strength. These standards are based on the “Design Aircraft” that currently
utilize the Airport, or that are projected to utilize the Airport in the future. According the AC 150/5300-13A,
Change 1, Airport Design; the first step in defining a runway’s design geometry is to determine the RDC. The
Design Aircraft can take the form of one aircraft, or a composite aircraft representing a collection of aircraft
classified by three parameters: Aircraft Approach Category’ (AAC), Airplane Design Group8 (ADG), and
Taxiway Design Group? (TDG).

The critical aircraft for each runway at BFl was identified and is documented as follows:

Runway 14R/32L: Combination of the various models of the Boeing 767 (200 and 300
series) at Aircraft Approach Category D, based on approach speed and Airplane Design
Group IV, based on wingspan, along with approach visibility minimums of > %-mile.
Runway 14L/32R: Combination of various small general aviation aircraft (e.g., the Piper
Navajo PA, Cessna’s 172 Skyhawk and 182 Skylane, and the Cirrus SR 22) at Aircraft
Approach Category A & B, based on approach speed, and Airplane Design Group | (Small
Aircraft), based on wingspan, along with visual approach minimums.

The third component of the Design Aircraft is the Taxiway Design Group (TDG). The TDG is based on both the
wheelbase, the distance between the aircraft’s main gear, or the overall Main Gear Width (MGW), and the
distance from the aircraft cockpit to the main gear, or the Cockpit to Main Gear (CMG) distance. For
example, the Boeing 767-300 has a MGW of 35.8 feet, and a CMG of 82.2 feet, placing the aircraft in the TDG
5 classification. Not all the taxiways at BFl are designed to accommodate the same TDG’s, and these taxiway
design standards will be covered in greater detail in later sections.

7 Aircraft Approach Category relates to aircraft approach speed in “knots” (operational characteristics).
8  Airplane Design Group relates to either aircraft wingspan or tail height in “feet” (i.e., physical characteristics).
9 Taxiway Design Group relates to undercarriage dimensions of the aircraft in “feet” (i.e., physical characteristics).
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Runway 14R/32L Design Standards. Existing dimensions and the corresponding existing FAA design standards
applicable to Runway 14R/32L are presented in Table C7. The runway has existing non-standard dimensions
for several of the specified FAA dimensional standards for the RDC D-IV-4000 (see list below), and these are
presented on Figures C3 through C7. It should also be noted that this master plan will evaluate these existing
non-standard conditions in the preparation of the alternatives chapter of this MP Update:

Parallel Runway Centerline Separation (Existing ATC Waiver10)
Runway Object Free Area (ROFA) Length (Existing Non-Standard Condition)
Runway Centerline to Parallel Taxiway Centerline Separation - Taxiways A & B (Existing Non-Standard

Condition)

Runway Centerline to Aircraft Parking Area Separation

Runway Approach & Departure RPZ Land Uses

Table C7 RUNWAY 14R/32L DESIGN STANDARDS MATRIX — RDC D-1V-4000 (> %-MILE VISIBILITY MINIMUMS)

Runway Design

Runway Width
Shoulder Width

Blast Pad Width

Blast Pad Length
Crosswind Component

Runway Protection

Runway Safety Area (RSA) - Both Runway Ends

Length beyond departure end
Length prior to threshold
Width

10

200 ft 150 ft Yes (+50’)
25 ft 1 25 ft Partial length
200 ft 200 ft Yes 2
200 ft 200 ft No 2
20 knots 20 knots Yes
1,000 ft 1,000 ft Yes
600 ft 600 ft Yes
500 ft 500 ft Yes

Existing ATC waiver document is included for reference in Appendix Three.

King County
International Airport/
Boeing Field

C.14



Table C7 RUNWAY 14R/32L DESIGN STANDARDS MATRIX — RDC D-1V-4000 (> %-MILE VISIBILITY MINIMUMS) — CONTINUED

Runway Object Free Area (ROFA)

Length beyond departure end (Runway 14R) 120 1,000 No 3

Length beyond departure end (Runway 32L) 1,000 1,000 Yes

Length prior to threshold (Runway 14R) 600 600 Yes

Length prior to threshold (Runway 32L) 120 600 No3

Width 800 800 Yes
Runway Obstacle Free Zone (ROFZ) - Both Runway Ends

Length 200 200 Yes

Width 400 400 Yes
Precision Obstacle Free Zone (POFZ)

Length Not Applicable 200 Not Applicable

Width Not Applicable 800 Not Applicable
Approach Runway Protection Zone (RPZ)

Length (Runway 14R/Runway 32L) 1,700/1,700 1,700/1,700 No 45

Inner Width (Runway 14R/Runway 32L) 1,000/500 1,000/500 No 45

Outer Width (Runway 14R/Runway 32L) 1,510/1,010 1,510/1,010 No 4>
Departure Runway Protection Zone (RPZ) - Both Runway Ends

Length 1,700 1,700 No &7

Inner Width 500 500 No &7

Outer Width 1,010 1,010 No &7

Runway Separation
Runway centerline to:

Parallel runway centerline 375 7008 No?
Holding position 250 250 Yes
Parallel taxiway/taxilane centerline (TW B) 325 & 350 400 10 No 11
Parallel taxiway/taxilane centerline (TW A) 350 400 10 No/Partial 1
Aircraft parking area (east) <500 12 500 No/Partial 11
Aircraft parking area (west) <500 12 500 No/Partial 1

SOURCE: FAA Advisory Circular 150/5300-13A, Change 1, Airport Design (February 2014).

Notes: L Existing shoulder is in place between exit Taxiways A4 and B3 at the north end and Taxiways A9 and B5 at the south end.

2 Existing Prior Permission Required Pavement (PPRP) satisfies existing Runway 14R blast pad dimensions.

3 ROFA intersects existing east side perimeter fence (Existing Non-Standard Condition).

4 Dimension correct, but incompatible land uses are located within the Runway 14R approach RPZ (i.e., BFI fuel farm and
Georgetown Steam Plant). FAA compliance of existing aircraft tiedown apron within Runway 14R approach RPZ to be confirmed.

5 Dimension correct, but incompatible land uses are located within the Runway 32L approach RPZ (i.e., Airport Way and BNSF/UP R.R.
tracks).

6 Dimension correct, but incompatible land uses are located within the Runway 32L departure RPZ (i.e., BFI fuel farm).

7 Dimension correct, but incompatible land uses are located within the Runway 14R departure RPZ (i.e., Airport Way, Norfolk St.,
BNSF/UP R.R. tracks, and industrial warehouse facilities).

8 Specified separation requirements for simultaneous takeoff and landings using VFR per FAA Airport Design Advisory Circular.

° The existing FAA ATC operational waiver restricts same direction simultaneous operations to Category Il aircraft (i.e., twin-engine
propeller driven aircraft weighing less than 12,500 Ibs.) during VFR/daytime only conditions (the minimum parallel runway
centerline separation distance specified by ATC for Category Il aircraft is 500 feet).

10 Separation standards are increased based on TDG to accommodate high speed exits (e.g., 450’ for TDG 5).

1 Existing Non-Standard Condition.

12 Some marked aircraft parking positions are located within the required 500-foot setback.
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Runway 14L/32R Design Standards. Existing dimensions and the corresponding existing FAA design standards
applicable to Runway 14R/32L are presented in Table C8 and Figure C8. As can be noted, the runway meets
all but one of the specified FAA dimensional standards for the RDC B-I (SMALL AIRCRAFT)-VISUAL. The one

existing non-standard conditions is the parallel runway centerline separation. As noted previously for

Runway 14R/32L, the existing non-standard parallel runway centerline separation is currently being mitigated
with an approved FAA ATC wavier that will be reevaluated in conjunction with the review of the updated ALP

for this MP Update.

Table C8 RUNWAY 14R/32L DESIGN STANDARDS MATRIX — RDC B-I (SMALL AIRCRAFT)-VISUAL

Runway Design

Runway Width 100 ft 60 ft
Shoulder Width 10-14 ft 10 ft
Blast Pad Width 0 ft 80 ft
Blast Pad Length 0 ft 60 ft
Crosswind Component 10.5 knots 10.5 knots
Runway Protection
Runway Safety Area (RSA) - Both Runway Ends
Length beyond departure end 240 ft 240 ft
Length prior to threshold 240 ft 240 ft
Width 120 ft 120 ft
Runway Object Free Area (ROFA) - Both Runway Ends
Length beyond departure end 240 ft 240 ft
Length prior to threshold 240 ft 240 ft
Width 250 ft 250 ft
Runway Obstacle Free Zone (ROFZ) - Both Runway Ends
Length 200 ft 200 ft
Width 250 ft 250 ft
Approach Runway Protection Zone (RPZ) - Both Runway Ends
Length 1,000 ft 1,000 ft
Inner Width 250 ft 250 ft
Outer Width 450 ft 450 ft
Departure Runway Protection Zone (RPZ)
Length 1,000 ft 1,000 ft
Inner Width 250 ft 250 ft
Outer Width 450 ft 450 ft

SOURCE: FAA Advisory Circular 150/5300-13A, Change 1, Airport Design (February 2014).
Note: 1 Existing shoulder in place for full length of runway west side and partial length on east side between Taxiways A2 & A4.
2 Blast pads are optional for installation on RDC B-I (Small Aircraft) runways.

3 FAA compliance of existing aircraft tiedown apron within Runway 14L departure RPZ to be confirmed.
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Table C8 RUNWAY 14R/32L DESIGN STANDARDS MATRIX — RDC B-I (SMALL AIRCRAFT)-VISUAL- CONTINUED

Runway Separation
Runway centerline to:

Parallel runway centerline 377 7003 No 4
Holding position 125 125 Yes
Parallel taxiway/taxilane centerline (TW A) 200-260 150 Yes
Aircraft parking area (east) >300 125 Yes
Aircraft parking area (west) Not Applicable 125 Not Applicable
SOURCE: FAA Advisory Circular 150/5300-13A, Change 1, Airport Design (February 2014).
Note: 3 Specified separation requirements for simultaneous takeoff and landings using VFR.

4 Existing non-standard condition is mitigated by FAA ATC operational waiver.

In consideration of the forecasts of future aviation activity, the adequacy of the runway system must be
analyzed from several perspectives. These include runway orientation and airfield capacity, which were
analyzed in previous sections, as well as runway length, pavement strength and runway visibility, which will
be evaluated in the following text. The analysis of these various aspects pertaining to the runway system will
provide a basis for recommendations of future improvements.

Runway Length. The determination of runway length recommendations for airport planning purposes is
based on several factors. These factors include:

Airport elevation Above Mean Sea Level Family grouping of critical aircraft for
(AMSL) runway length purposes

Mean Normal Maximum daily Temperature Stage length of the longest nonstop trip
(MNMT) of the hottest month destination

Runway gradient

The calculation for runway length requirements at BFI are based on an elevation of 21.3 feet (AMSL), 75.3°
Fahrenheit mean normal maximum temperature (MNMT), and a maximum differential in runway centerline
elevation for each runway as follows:

Runway 14R/32L @ 4.0 feet
Runway 14L/32R @ 0.5 feet
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In addition, the existing pavement available for takeoffs and landings at BFl is impacted by the location of
designated landing and departure thresholds that are specified by the declared distances published for each
runway. As noted in the Inventory of Existing Conditions chapter, each of the Airport’s runways have existing
displaced landing thresholds that reduce the existing length available for landings. Also, the runway length
available for takeoffs to the south on Runway 14R/32L is reduced due to the published Accelerate Stop
Distance Available (ASDA) for this runway. However, additional pavement for south departures on Runway
14R is available for use (i.e., the PPRP at the north end of the runway) to those aircraft operators that require
additional takeoff length. Use of the pavement, by advance request, is coordinated with BFI Operations Staff
to ensure that the runway is clear of any debris.

The primary users of the PPRP are Boeing, in conjunction with their aircraft flight test operations, and the
occasional cargo or business jet operator that are flying a long-haul stage length. Between 2007 and 2015,
the Runway 14R/32L PPRP at BFI has been utilized an average of 33 times per year. The following figures,
Figures C9 and C10, provide a graphic presentation of the existing published declared distances for each of
the runway facilities at BFI.

In 2005, the FAA published an update to the Advisory Circular (AC) 150/5325-4B, Runway Length
Requirements for Airport Design. The revised AC included a process for determining recommended runway
length. The first step is to determine a critical aircraft for runway length. If this critical aircraft is a regional
jet or a commercial aircraft with a Maximum Take-Off Weight (MTOW) over 60,000 pounds, the AC directs
the reader to the design guidelines in Chapter 4, which includes instructions for utilizing aircraft
manufacturer published Airport Planning Manuals (APMs) for determining recommended runway lengths and
then applying an adjustment for non-zero effective runway gradients. This adjustment equates to a 10-foot
increase in runway length for each one foot of difference in the runway centerline elevation. After following
the Chapter 4 instructions for each individual aircraft using the Airport on a regular basis, the final
recommended runway length is determined by selecting the longest runway length recommendation. For the
purposes of this runway length analysis, the critical aircraft(s) were the most demanding aircraft type, or
grouping of aircraft with similar characteristics, that make regular use of the Airport. The primary users of the
Airport, in consideration of all civil aircraft activity, were grouped into the various operational categories that
are represented at BFI (i.e., “commercial” that includes cargo and passenger aircraft and a separate grouping
for large “business jets”).

The critical aircraft that currently operate at the Airport were considered in Table C9, and the runway length
requirements for these aircraft apply to the primary runway at BFI (i.e., Runway 14R/32L). Also, the aircraft
represented in bold text identifies the critical aircraft for runway length within each operational category that
recorded a minimum of 500 annual operations at BFl in 2015. In addition, for this grouping of aircraft, the
landing length requirements are typically less demanding than the takeoff length requirements and this is the
case for BFl. Table C10 provides a comparative landing length for each aircraft.

It is important to consider that the fleet mix of the commercial air carriers at BFI will continue to evolve with
the introduction of new aircraft models by Boeing. However, the aircraft types operated by the cargo and
passenger carriers are projected to remain consistent through the planning period of this MP Update.
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Table C9 EXISTING AIRCRAFT RUNWAY TAKEOFF LENGTH RECOMMENDATIONS, IN FEET

Existing Runways:
Runway 14R/32L ASDA @ 9,120/10,000’ (Primary)
Runway 14L/32R ASDA @ 3,710’ (Secondary)

Cargo Aircraft

Boeing (Douglas) MD 11 PW4460 UPS 602,500 10,135 11,235
Boeing 767-300* CF6-80 series UPS 412,000 9,150 9,650
Boeing 767-200* CF6-80A ABX 351,000 7,840 8,140
Airbus A-300 PWJT9D-7R4H1 UPS 363,760 7,535 8,135
Boeing 737-200 JT8D-17R Nolinor Aviation 124,500 7,240 8,140
Boeing 757-200* PW 2040 UPS 255,000 6,835 8,035
Beech C-99* PT6A36 Ameriflight 11,300 3,240
Piper PA-31-350* LVCSZ'S_'J”ZgBTD'O' AIRPAC Airlines 7,000 2,550
Passenger Aircraft
Boeing 777-300 PW98K Boeing 660,000 10,540 11,140
Boeing 787-800 Typical Engines Boeing 502,500 10,140 10,840
Boeing 737-900* CFM56-7B26 Boeing 174,200 9,240 9,790
Boeing (Douglas) MD 83 JT8D-219 Charter 160,000 8,235 9,035
Boeing (Douglas) MD 88 JT8D-217A Charter 149,500 7,835 8,235
Boeing 737-800* CFM56-7B27 Boeing 172,500 7,285 7,835
Bombardier CRJ-900 CF34-8C5 Charter 84,500 6,785 7,835
Airbus A-320 CFM56 Charter 169,756 6,785 7,435
Boeing 737-700* CFM56-7B24B1 Boeing 154,500 6,235 6,535
Airbus A-319 CFM56 Charter 154,323 5,935 6,035
Boeing 717-200 BR715 Charter 119,000 5,535 5,785
Bombardier CRJ-700 CF34-8C1 Charter 72,750 5,335 6,385
Cessna 208 Caravan* PT6A-114A Kenmore Air 8,000 2,095
Business Jet Aircraft (>60,000 Ibs. MTOW)

Gulfstream V/G500* -—- Private 90,500 6,030 -
Bombardier Global Private 92,500 5,580
Express

Gulfstream 1V/G400* --- Private 73,200 5,320 ---

SOURCE: Mead & Hunt review of Airplane Characteristics from various manufacturer’s Airport Planning documents.

LAll Airport Planning Manuals considered for this analysis included runway length charts with a design temperature of standard day
(59° F. @ sea level) and standard day plus 25° - 30° F. The Normal Mean Maximum Temperature of the hottest month at BFI is
75.3°F, and well below the specified “Hot Day” temperature.

2 All runway length requirements include a 40-foot adjustment (increase) based on the existing Runway 14R/32L centerline
elevation differential.

* Asterisk identifies aircraft that recorded a minimum of 500 annual operations at BFI in 2015.
Aircraft in bold text identifies the critical aircraft for runway length within each operational category that recorded a minimum of
500 annual operations at BFl in 2015.
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Table C10 EXISTING AIRCRAFT RUNWAY LANDING LENGTH RECOMMENDATIONS, IN FEET

Existing Runways:
Runway 14R/32L LDA @ 9,120 (Primary)
Runway 14L/32R LDA @ 3,460’/3,335’ (Secondary)

Cargo Aircraft

Boeing (Douglas) MD 11 471,000 50° 7,600 8,700
Boeing 767-300* 326,000 30° 5,700 6,600
Airbus A-300 304,230 40° 5,100 5,865
Boeing 757-200* 198,000 30° 4,900 5,500
Boeing 767-200* 272,000 30° 4,800 5,400
Boeing 737-200 107,000 30° 4,750 5,500
Beech C-99* 10,100 - 2,470 2,841
Piper PA-31-350* 7,000 --- 1,880 2,162
Passenger Aircraft
Boeing 777-300 524,000 6,000 6,950
Boeing 737-900* 146,300 30° 5,900 6,750
Bombardier CRJ-900 73,500 45° 5,600 6,440
Boeing 737-800* 144,000 40° 5,400 6,300
Boeing 787-800 380,000 30° 5,400 6,200
Boeing (Douglas) MD 83 139,500 40° 5,100 5,900
Airbus A-320 145,505 ND 5,100 5,865
Bombardier CRJ-700 67,000 45° 5,100 5,865
Boeing (Douglas) MD 88 130,000 40° 4,800 5,600
Boeing 737-700* 129,200 40° 4,700 5,500
Airbus A-319 137,788 35° 4,700 5,405
Boeing 717-200 102,000 40° 4,700 5,500
Cessna 208 Caravan*® 7,800 - 1,625 1,869
Business Jet Aircraft (>60,000 lbs. MTOW)
Gulfstream IV/G400* 58,500 - 3,377 3,884
Gulfstream V/G500* 75,300 - 3,170 3,646
Bombardier Global Express 73,500 -—- 2,670 3,071

SOURCE: Mead & Hunt review of Airplane Characteristics from various manufacturer’s Airport Planning documents.
LAll Airport Planning Manuals considered for this analysis included runway length charts with a design temperature of standard day
(59° F. @ sea level), zero wind, zero gradient, and maximum flap setting.
2 Wet runway length requirements include a 115% adjustment (increase).
* Asterisk identifies aircraft that recorded a minimum of 500 annual operations at BFI in 2015.
Aircraft in bold text identifies the critical aircraft for runway length within each operational category that recorded a minimum of
500 annual operations at BFIl in 2015.
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Runway 14R/32L (Primary Runway) Length Analysis. Following a review of the runway length data presented
in the previous four tables, which specifies a “worst case” scenario for aircraft operational weights, it can be
confirmed that the Boeing 767-300 is identified as the “critical aircraft” for runway length on Runway
14R/32L. As identified in Table C9, the Boeing 767-300 requires a specified takeoff length ranging from 9,150
feet to 9,650 feet and a specified landing length requirement of 6,600 feet (a copy of the F.A.R. takeoff and
landing length charts from the Aircraft Planning Manual is included in Appendix Four for reference). Based
upon the availability of the PPRP for Runway 14R departures that increases the ASDA from 9,120’ to 10,000
feet to those aircraft operators that need it, Runway 14R/32L at BFI is adequate to accommodate takeoff and
landing length requirements of the existing and future commercial aircraft fleet, as well as large business jet
aircraft.

Runway 14L/32R (Secondary Runway) Length Analysis. Serving as the Airport’s secondary parallel runway,
Runway 14L/32R primarily accommodates the general aviation users at BFI, with aircraft having a MTOW of
less than 12,500 pounds. The recommended runway lengths for this weight category of airplanes is derived
from the FAA AC 150/5325-4B, which provides standards and guidelines recommended strictly for use in the
design of civil airports and include airplane performance data curves and tables for use in airport planning
and runway length analysis. The runway length recommendations are dependent on meeting the
operational requirements of a certain percentage of the fleet (i.e., 95 percent vs. 100 percent).

Runway lengths for airplanes with a maximum certified takeoff weight of 12,500 pounds or less in the AC are
based on the aircraft approach speed in knots, number of passenger seats, airport elevation above mean sea
level, and mean daily maximum temperature of the airport’s hottest month. There are no adjustments
recommended for effective runway gradient or wet and slippery runway conditions. Table C11 represents
various recommended lengths for Runway 14L/32R based on the small aircraft fleet that operate at BFI.

Table C11 GENERALIZED RUNWAY 14L/32R LENGTH RECOMMENDATIONS, IN FEET

Runway 14L!/32R? (Secondary) @ 3,710’
Small Aircraft with less than ten seats

95% of Fleet 2,900 None
100% of Fleet 3,450 None
Small Aircraft with more than ten seats 3,900 None

SOURCE: Mead & Hunt analysis using FAA AC 150/5325-4B, Runway Length Requirements for Airport Design. Lengths based on

an elevation of 17.7 feet (AMSL), 75.3° Fahrenheit MNMT, and a maximum differential in runway centerline elevation of 0.5’.
Notes: 1 Runway 14L landing threshold is displaced by 250 feet.

2 Runway 32R landing threshold is displaced by 375 feet.
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Based on an examination of the 2014 Passur aircraft operations data for BFl it is determined that the “100
percent of Fleet” of small aircraft with less than ten seats is the appropriate group to establish the
recommended runway length for Runway 14L/32R, specifying a recommended runway length of 3,450 feet.
As presented in the previous table, the existing runway length of 3,710 feet generally accommodates this
grouping of aircraft for takeoffs and for landings in consideration of the reduced landing length available that
is dictated by the existing displaced thresholds at each runway end (i.e., a Runway 14L LDA of 3,460 feet and
a Runway 32R LDA of 3,335 feet). In addition, a copy of the runway length curves for Small Airplanes with
Fewer than 10 Passenger Seats and Small Airplanes having 10 or More Passenger Seats from AC 150/5325-4B,
Runway Length Requirements for Airport Design is included in Appendix Five for reference.

Runway Pavement Strength. As identified in the Inventory chapter of this document, the gross weight bearing
capacity for each of the runways at BFl does vary as follows:

Runway 14R/32L (Primary) @ 100,000 pounds single wheel/160,000 pounds dual
wheel/340,000 pounds dual tandem wheel main landing gear configuration

Runway 14L/32R (Secondary) @ 35,000 pounds single wheel/60,000 pounds dual wheel main
landing gear configuration, but is limited to use by aircraft weighing up to 12.500 pounds

King County has also completed a separate pavement condition/analysis study of the existing airfield that will
inform the planning recommendations and phasing of future pavement reconstructions projects identified in
this Master Plan Update. There are no airfield pavement reconstruction projects currently identified in the
Airport’s existing Capital Improvement Program (CIP).

Runway Line-of-Sight. According to existing runway line-of-sight standards, any two points located five feet
above the runway centerline must be mutually visible for the entire length of the runway. If the runway has
a full-length parallel taxiway, the visibility requirement is reduced to a distance of one-half the runway
length. BFI meets all of the criteria to comply with the runway line-of-sight standards for the entire length of
each runway.

Runway Protection Zones. The function of a Runway Protection Zone (RPZ) is to enhance the protection of
people and property on the ground beyond the runway ends. This is achieved through airport control of the
RPZ areas, and control is preferably exercised through the acquisition of sufficient property interest within
the RPZ. It is desirable to clear all above ground objects from with RPZs; where this is impractical, airport
owners, at minimum, should maintain the RPZ clear of all facilities supporting incompatible activities.

As defined in AC 150/5300-13A, RPZs are trapezoidal in shape, are centered about the runway centerline, and
are specified as either “Approach” or “Departure” RPZs. The RPZs extend from a point 200 feet beyond the
end of the area usable for takeoff or landing. The RPZ dimensions are functions of the type of aircraft using
the runway and the approach visibility minimums associated with each runway end.
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In FAA Memorandum Interim Guidance on Land Uses within a Runway Protection Zone, the FAA Office of
Airports (ARP), outlined interim policy on land uses within RPZs, providing comprehensive guidance
documents for existing and proposed land uses within RPZs. The interim guidance requires ARP Regional
Office (RO), and Airport District Office (ADO), staff to consult with National Airport Planning and
Environmental Division (APP-400), when defined land uses would enter the limits of the RPZ as a result of
actions such as airfield improvements (e.g., runway extensions or shifts), change in Design Aircraft increasing
the RPZ dimensions, new or revised instrument approach procedures increasing the RPZ dimensions, or local
development proposals in the RPZ. As specified in this FAA Memorandum, it should be noted that “this
interim policy only addresses the introduction of new or modified land uses to an RPZ and proposed changes
to the RPZ size or location”. However, the master planning process is the appropriate time to look at the
practicability of removing incompatible land uses in the RPZ.

Land uses defined in the memorandum that require consultation include buildings and structures (e.g.,
residences, schools, churches, hospitals or other medical care facilities, commercial/industrial buildings),
recreational land uses (e.g., golf courses, sports fields, amusement parks, other places of public assembly),
transportation facilities (such as, rail facilities, public roads and highways, vehicular parking facilities), above
or below ground fuel storage or hazardous materials storage facilities, wastewater treatment facilities, and
above ground utility infrastructure (e.g., electrical substations, including any type of solar panel installations).
RO and ADO staff are further required to work with airport sponsors to identify, analyze, and document a full
range of alternatives that avoid introducing a land use issues within the RPZ, minimize the impact of the land
use in the RPZ (e.g., routing a new roadway through the controlled activity area, move farther away from the
runway end, etc.), and mitigate risk to people and property on the ground (e.g. tunneling, depressing, and/or
protecting roadways through the RPZ, implement operational measures to mitigate any risks). The following
uses are permissible within a RPZ without further evaluation from the FAA; farming that meets airport design
standards; irrigation channels that meet the requirements of AC 150/5200-33 and FAA/USDA manual,
Wildlife Hazard Management at Airports; airport service roads, if the road is not a public road, and is directly
controlled by the airport; underground facilities, as long as they meet other design criteria, such as

RSA requirements: and unstaffed NAVAIDs and facilities, such as equipment for airport facilities that are
considered fixed-by-function.

In consideration of the existing instrument approach minimums and the type of aircraft the runway is
designed to accommodate, Table C12 provides a comparison of the existing RPZ dimensions with the FAA’s
specified RPZ dimensional requirements. A graphic representation of how these RPZs are positioned at each
runway end, for both approach and departures, is also presented in the following four illustrations (see
Figures C11 through C14).
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Table C12 RUNWAY PROTECTION ZONE DIMENSIONS, IN FEET

Existing RPZ Dimensional Requirements
Runway 14R/32L
Runway 14R (Approach)
Runway 14R (Departure)
Runway 32L (Approach)
Runway 32L (Departure)
Runway 14L/32R
Runway 14L (Approach & Departure)
Runway 32R (Approach & Departure)

1,000
500
500
500

250
250

Standard Approach RPZ Dimensions for Various Visibility Minimums

Visual and not lower than 1-mile, Small Aircraft
Only

Visual and not lower than 1-mile, Approach
Categories A& B

Visual and not lower than 1-mile, Approach
CategoriesC& D

Not lower than 3/4-mile, all aircraft

Lower than 3/4-mile, all aircraft

Standard Departure RPZ Dimensions
Small Aircraft Only, AACs A and B
Large Aircraft, AACs A and B
Large Aircraft, AACs C, D, and E
SOURCE: FAA AC 150/5300-13A, Change 1, Airport Design.

250

500

500

1,000
1,000

250
500
500
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1,700
1,700
1,700
1,700

1,000

1,000

1,000

1,000

1,700

1,700
2,500

1,000
1,000
1,700

1,510
1,010
1,010
1,010

450

450

450

700

1,010

1,510
1,750

450
700
1,010

No
Yes
Yes
No

Yes
Yes
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Currently, the existing RPZs at BFI meet the dimensional standards based on the existing visibility minimums
and the appropriate AAC. However, the existing RPZs for Runways 14R and 32L extend beyond the Airport
boundary and are not fully controlled by King County. These existing uncontrolled RPZ areas are defined as
follows:

Runway 14R
Airport Way S. and 15 Avenue S. right-of-way (ROW) @ 0.3 acres
Georgetown Steam Plant property @ 1.85 acres
Existing fuel storage area (located on Airport property, but categorized as an existing non-conforming
land use for portion that is located within RPZ boundary)

Runways 32L
Airport Way S., BNSF/UP Railroad, I-5, and S. Norfolk St. ROW @ 15.1 acres
Prologis (former Sabey) property @ 7.4 acres

As noted above, the Runway 14R/32L RPZs contain existing non-conforming land uses (e.g., existing roadway
and railroad right-of-way, buildings, and fuel storage area). Any alternatives that analyze future
improvements to the runway and/or instrument approach procedures (presented in the next chapter) will
include a re-evaluation of the RPZ requirements presented here, including an analysis of the compatible
nature of land uses that might be located within RPZs because of activities listed in the FAA memorandum on
land use guidance. Since the FAA prefers the control of the RPZ to come from fee simple land acquisition of
the property, further consideration will be given to the options the Airport has in regard to achieving full
control of all RPZs.

Criteria contained in FAA AC 150/5300-13A, Change 1 Airport Design provides guidance for the proper siting
of runway ends and thresholds. The criteria are in the form of evaluation surfaces that are typically
trapezoidal shaped and extend away from the runway ends along the centerline at a specific slope, expressed
in horizontal feet by vertical feet. The specific size, slope, and starting point of the trapezoid depends upon
the visibility minimums and the type of procedure associated with the runway end. The existing criteria for
BFI are presented in Table C13.

Threshold Siting Surface (TSS) Analysis. Thresholds are located to provide proper clearance over obstacles for
landing aircraft on approach to a runway end. When an object is beyond an airport owner’s ability to
remove, relocate, or lower obstructs the airspace required for aircraft to land at the beginning of the runway
for takeoff, the landing threshold may require a location other than the end of the pavement (i.e., a displaced
threshold). Like the RPZ criteria, the threshold siting criteria are based on the type of aircraft and approach
visibility minimums associated with each runway end. As can be noted, Runway 14R is clear of any TSS
obstructions, Runway 32L has one existing TSS obstruction, and Runway 14L/32R is also clear of any TSS
obstructions.
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Vertical Guidance Surface (VGS) Analysis. The VGS is an imaginary surface used to evaluate precision
approaches and approaches providing vertical guidance. When objects exceed the height of the VGS that
cannot be mitigated, then an approach with vertical guidance cannot be authorized. The VGS begins at the
threshold, has a width at the threshold of the runway width plus 200 feet, an outer width of 1,520 feet,
extends to 10,000 feet (or the visual descent point or the decision altitude), and has a slope of 30:1. As can
be noted, the existing VGS is only applicable to Runway 14R/32L, and each end of the runway is clear of VGS
obstructions.

Departure Surface Analysis. Departure ends of runways normally mark the end of the full-strength runway
pavement available and suitable for departures. Departure surfaces, when clear of obstacles, allow pilots to
follow standard departure procedures. If obstacles penetrate the departure surface, then the obstacles must
be evaluated through the Obstruction Evaluation/Airport Airspace Analysis (OE/AAA) process. After the
OE/AAA process, departure procedure amendments such as non-standard climb rates, non-standard (higher)
departure minimums, or a reduction in the length of Takeoff Distance Available (TODA) may be required.
Departure surfaces begin at the end of the Takeoff Distance Available (TODA), are trapezoidal in shape,
extend along the extended runway centerline, and have a slope of 40:1. As can be noted, the departure
surface criteria are only applicable to Runways 14R & 32L at BFI. There were 690 obstructions identified for
the Runway 14R departure surface and 318 obstructions identified for Runway 32L.

Table C13 RUNWAY END SITING CRITERIA, IN FEET

Existing Threshold Siting Surfaces
Runway 14R/32L

Runway 14R (Type 4 with Type 6 overlay)? 200 400 10,000 3,400 20:1

Runway 32L (Type 4 with Type 6 overlay)? 200 400 10,000 3,400 20:1
Runway 14L/32R

Runway 14L (Type 2)3 0 250 5,000 700 20:1

Runway 32R (Type 2)3 0 250 5,000 700 20:1

Standard Threshold Siting Surface Dimensions:

1. Approach end of runways expected to serve small
airplanes with approach speeds less than 50 knots. 0 120 3,000 300 15:1
(Visual runways only, day/night)

2. Approach end of runways expected to serve small
airplanes with approach speeds of 50 knots or more. 0 250 5,000 700 20:1
(Visual runways only, day/night)

3. Approach end of runway expected to serve large
airplanes. (Visual runways only, day/night)

4. Approach end of runways expected to
accommodate instrument approaches having 200 400 10,000 3,400 20:1
visibility greater than or equal to 3/4 statute mile

5. Approach end of runways expected to
accommodate instrument approaches having 200 800 10,000 3,400 34:1
visibility minimums less than 3/4 statute mile

0 400 10,000 1,000 20:1
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MASTER PLAN UPDATE

Table C13 RUNWAY END SITING CRITERIA, IN FEET — CONTINUED

Distance from Width Width

at Outer
Edge (ft)

Runway Type Runway End | atlInner
(ft)

Existing Departure Surfaces (RWs 14R & 32L only)

Runway
6. Approach end of runways_expect_ed to a!ccommodate 0 width + 10,000 1,520 301
instrument approaches with vertical guidance 200
7. Departure runway ends for any instrument ops. 4 0 1,000 10,200 6,466 40:1
Standard Departure Surface Dimensions: 0 1,000 10,200 6,466 40:1

SOURCE: FAA Engineering Brief #99/Changes to Tables 3-2 and 3-4 of AC 150/5300-13A, Airport Design.
1 Runway Type 4 surface and Type 6 VGS surface is clear.
2 Runway Type 4 surface has one obstruction, but Type 6 VGS surface is clear.
3 Runway Type 2 surface is clear.
4Runway 14R Type 7 surface has 690 obstructions and Runway 32L Type 7 surface has 318 obstructions.

Updated Airport Geographic Information System (AGIS) survey data has been collected and was
analyzed/documented for this evaluation effort. Following the consideration of this information in the
alternatives analysis and selection of the recommended Conceptual Development Plan, specific sheets of the
Airport Layout Plan Drawing Set will be prepared and presented in the Airport Plans chapter that illustrate
the applicable threshold siting surface (TSS) and departure surface in both plan and profile views for each
runway end. In addition, the specific boundary and clearance criteria for this surface has changed since the
preparation of the previous Master Plan, and the continued clearance of these surfaces need to be confirmed
periodically in response new construction and growth of vegetation.

Federal Aviation Regulations (FAR) Part 77

Safe and efficient landing and takeoff operations at an airport require that certain areas on and near the
airport are clear of objects or restricted to objects with certain function, composition, and/or height.
Obstruction clearing standards and criteria are established to create a safer environment for aircraft
operations on or near the airport. Any existing or proposed object, whether man-made or of natural growth
that penetrates obstruction clearance surfaces is classified as an “obstruction” and is presumed to be a
hazard to air navigation. These obstructions are subject to FAA aeronautical study, after which the FAA
issues a determination stating if the obstruction is in fact considered a hazard.

The criteria contained in Federal Aviation Regulations (FAR), Part 77 Safe, Efficient Use, and Preservation of
Navigable Airspace, apply to existing and proposed manmade objects and/or objects of natural growth and
terrain (i.e., obstructions). These guidelines define the critical areas in the vicinity of airport that should be
kept free of obstructions. Secondary areas may contain obstructions if they are determined to be non-
hazardous by aeronautical study and/or if they are marked and lighted as specified in the aeronautical study
determination. Airfield navigational aids, as well as lighting and visual aids, by nature of their location, may
constitute obstructions. However, these objects do not violate FAR Part 77 requirements, as they are
essential to the operation of the Airport.
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The Primary Surface is a surface that is longitudinally centered on the runway. This surface extends 200 feet
beyond each end of the runway for a hard surface runway. The Primary Surface width also varies based upon
the current instrument approach visibility minimums of the runway. For Runway 14R/32L, which has existing
instrument approach visibility minimums as low as %-statute miles, the resulting Primary Surface width is
1,000 feet wide, (500 feet from centerline on each side of the runway). For Runway 14R/32L, which is
designated as a Utility runway per FAR Part 77, the Primary Surface is 250 feet in width.

The Approach Surface is longitudinally centered on the extended runway centerline and extends outward and
upward from each end to the Primary Surface at a specific slope, expressed in horizontal feet by vertical feet.
For example, a 20:1 slope rises one unit vertically for every 20 units horizontally. An Approach Surface is
applied to each end of the runway based upon the type of approach available or planned for that runway
end. The inner width of the Approach Surface is the same as the Primary Surface (1,000 Feet) and expands
uniformly to a width of 16,000 feet for each end of Runway 14R/32L. The outer width of the approach
surface for each end of Runway 14L/32R expands uniformly to a width of 1,250 feet. The Approach Surface
for Runway 14R/32L extends for a horizontal distance of 10,000 feet at a slope of 50:1 and an additional
40,000 feet at a slope of 40:1. The Approach Surface for Runway 14L/32R extends for a horizontal distance of
5,000 feet at a slope of 20:1.

As noted previously, new aerial photography and obstruction data has been acquired that permits an
updated analysis of the FAR Part 77 surfaces and documentation of potential obstructions. Based upon the
initial evaluation of this data, the following approach surface obstruction data is provided below for each
runway:

Runway 14R/32L (Primary Runway)
Runway 14R Approach Surface with 130 Obstructions
Runway 32L Approach Surface with 443 Obstructions

Runway 14L/32R (Secondary Runway)
Runway 14L Approach Surface with 1 Obstruction
Runway 32R Approach Surface with 4 Obstructions

The specific mapping of the various FAR Part 77 imaginary surfaces for each runway at BFl and the known
associated obstacle and terrain penetrations of these surfaces will be prepared as sheets of the Airport
Layout Plan Drawing Set and presented in the Airport Plans chapter.

Instrument Approach Procedures. Instrument Approach Procedure (IAP) capabilities and associated
equipment, airport lighting, and weather/airspace services, were detailed in the Inventory chapter. As noted,
the Airport has five published instrument approach procedures (IAPs). Runway 14R offers the best IAP
minimums, with ceiling and visibility minimums of 290 feet and % statute mile (ILS), including minimums of
662 feet and % statute mile (RNAV GPS). Based upon an analysis of the Airport’s existing climatological
conditions (presented earlier in this chapter), the existing IAPs provide adequate IFR accessibility, with below
minimum conditions occurring 2.0 percent of the time annually, or approximately 7.3 days of the year.
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Conditions.

In addition, based on the IFR wind analysis, Runway 14R provides the best wind coverage during IFR weather
conditions. However, any future IAP improvements should also include consideration of future
enhancements for Runway 32L to maximize the potential NextGen implementation options/strategies that
are currently under investigation within the Puget Sound Region [i.e., implement RNAV Standard Instrument
Departures (SIDs) for both north Flow and South Flow conditions to permit independent operations and de-
conflict airspace between BFI and SEA with development of new NextGen RNAV (GPS) approach for poor
weather/north flow conditions (during Plan C) to permit simultaneous/independent operations]. These
implementation strategies may also require the mitigation of existing obstructions (if feasible), based upon
the findings of the new AGIS obstruction survey, to accommodate potential new NextGen instrument
approach procedures at BFI.

Visual Landings Aids. Presently, the runways at BFI are equipped with a variety of visual landing aids. These
facilities are listed as follows:

Runway 14R/32L
High Intensity Runway Lights (HIRLs)
Four-light Precision Approach Path Indicator (PAPI) — Both runway ends
Medium Intensity Approach Lighting System with Sequenced Flashers (MALSF)— Runway 14R

Runway 14L/32R
Medium Intensity Runway Lights (MIRLs)
Two-light PAPI — Both runway ends
REILs — Both runway ends

According to guidance contained in AC 150/5300-13A, Change 1, an Approach Light System (ALS) is
recommended, but not required for IAPs with visibility minimums not less than % statute mile. Unless the
ALS is a requirement to achieve the lower visibility minimums based on credit for lighting, they are not
normally eligible for FAA Airport Improvement Program (AIP) funding. Future ALS improvements, if any, to
Runway 14R/32L will be evaluated in conjunction with the findings of the obstruction survey and the
alternatives development analysis presented in the following chapter. There are no future ALS
improvements recommended for Runway 14L/32R.

Taxiways provide defined movement corridors for aircraft between the various functional landside areas on
an airport and the runway system. Some taxiways are necessary simply to provide access between aircraft
parking aprons and runways, whereas other taxiways become necessary to provide more efficient and safer
use of the airfield. Parallel taxiways eliminate the use of the runway for taxiing, thus increasing capacity and
protecting the runway under low visibility conditions. Taxiway turns and intersections are designed for safe
and efficient taxiing by aircraft while minimizing excess pavement.
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Taxiway Design Methodology. Taxiways are designed for “cockpit over centerline” taxing with pavement
being of sufficient width to allow a certain amount of wander. Potential runway incursions should be kept to
a minimum by proper taxiway design, choosing simplicity over complexity wherever possible. AC 150/5300-
13A provides basic taxiway design concepts and methodologies that are outlined in the following narrative.

Increased Pilot Awareness. Taxiway intersections should be kept simple by utilizing the
“three-node concept”, which means that a pilot is presented with no more than three
choices at each intersection — ideally, left, right, and straight ahead. Intersection angles
ideally should be 90° wherever possible, but standard angles of 30°, 45°, 60°, 120°, 135°,
and 150° are acceptable.

Wide Expanses of Pavement. Taxiway to runway interface encompassing wide expanses of
pavement should be avoided, as wide pavements require placement of signs far from a
pilot’s eyes and reduce the conspicuity of other visual cues (e.g., the existing Taxiway A/A9
intersection that is identified as an existing airfield “hotspot” and the Taxiway A10, B5,

and B10 connectors).

Limit Runway Crossing. Opportunities for human error can be reduced by limiting the
need for runway crossings, especially crossings within the middle third of runways defined
as high energy intersections. Limiting runway crossings to the outer thirds of the runway
(e.g., the Taxiway A4 — B3 and A10 — B6 crossings) keeps clear the portion of the runway
where pilots can least maneuver to avoid collisions.

Increase Visibility. Right angle intersections, both between taxiways and between
taxiways and runways, provide the best visibility to the left and right for a pilot. A right
angle turn at the end of the parallel taxiway is a clear indication of approaching a runway.
Acute angle exit taxiways provide greater runway efficiency but should not be used for
runway entrance or crossing points (e.g., Taxiways A4 & A5).

Avoid Dual Purpose Pavement. Runways used as a taxiways and taxiways used as runways
only lead to confusion and should be avoided. Runways should be clearly identified as a
runway and only a runway.

Indirect Access. Taxiways should not lead directly from an apron to a runway without
requiring a turn. This layout only leads to confusion when a pilot typically expects to
encounter a parallel taxiway (e.g., Taxiways A7, B1, and B10).

Each of the taxiway systems at BFI will be examined in consideration of these taxiway design concepts and
methodologies in conjunction with the alternatives analysis presented in the following chapter, and potential
taxiway reconfiguration recommendations will be identified. In addition, many of the existing taxiway
intersections at BFI were constructed in consideration of “judgmental oversteering”, with the new standard
being “cockpit over centerline steering”. Therefore, future taxiway reconstruction projects will be designed
in accordance with the new cockpit over centerline guidelines.
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Taxiway and taxilane clearance requirements are the required distances between a taxiway/taxilane
centerline and other objects, which are based upon the required wingtip clearance, a function of the
wingspan, and therefore are determined by the ADG as it relates to the Design Aircraft. Taxiway and taxilane
pavement design standards are related to the TDG, which is based on the overall MGW and the CMG
distance of the Design Aircraft.

Taxiway Design Analysis. Using the data compiled from the aircraft operations and runway utilization analysis
presented in the previous chapter, it was determined that ADG IV and TDG 5 were the appropriate design
standard for the Airport’s west parallel taxiway system (i.e., Taxiway B). However, due to existing property
constraints on the Airport’s east side, a combination of three design standards have been implemented on
Taxiway A. These include:

Taxiway A (Between A3 & A10) @ ADG IV and TDG 5
Taxiway A (Between Al & A3) @ ADG lll and TDG 3
Taxiway A (Between A10 & A11l) @ ADG Il and TDG 2
Taxiway A (North of A1) @ ADG | and TDG 1A

These standards are presented in the Tables C14 through C17. As can be noted, the taxiway system has
existing non-standard dimensions for the taxiway object free area (TOFA) along the west side of Taxiway B,
and along segments on the east side of Taxiway A (see list below).

Taxiway A TOFA (between Al & A3 and north of Al)
Taxiway B TOFA

In addition, there are two documented hot spots at BFI that are associated with the east and west side
parallel taxiway system. The first is located at the intersection of Taxiway B1 and is associated with the
restricted access to the Taxiway Z PPRP. The second is located at the intersection of Taxiway A9 and Runway
14R/32L and has been identified as a risk for wrong way departures. These two hot spots, along with the
various taxiway design standards, are graphically depicted on Figures C15 through C19.
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Table C14 EAST SIDE TAXIWAY DESIGN STANDARDS MATRIX (ADG), IN FEET

Taxiway A (Partial Parallel — Between A3 & A10) ADG IV
Taxiway Width 75 - -
Taxiway Safety Area (TSA) ! 171 171 Yes
Taxiway Object Free Area (TOFA) 2 259 259 Yes
Taxilane Object Free Area - 225 NA
Taxiway Centerline to Parallel Taxiway/Taxilane Centerline3 - 215 NA
Taxiway Centerline to Fixed or Movable Object 129.5 129.5 Yes
Taxilane Centerline to Parallel Taxiway/Taxilane Centerline - 198 NA
Taxilane Centerline to Fixed or Movable Object - 112.5 NA
Taxiway Wingtip Clearance 51.5 44 Yes
Taxilane Wingtip Clearance - 27 Yes

Taxiway A (Partial Parallel — Between Al & A3) ADG Il
Taxiway Width 50 = ==
Taxiway Safety Area (TSA) ! 118 118 Yes
Taxiway Object Free Area (TOFA) 2 174 186 No 4
Taxilane Object Free Area - 162 NA
Taxiway Centerline to Parallel Taxiway/Taxilane Centerline3 - 152 NA
Taxiway Centerline to Fixed or Movable Object 80 93 No 4
Taxilane Centerline to Parallel Taxiway/Taxilane Centerline - 140 NA
Taxilane Centerline to Fixed or Movable Object - 81 NA
Taxiway Wingtip Clearance 34 34 Yes
Taxilane Wingtip Clearance 27 27 Yes

Taxiway A (Partial Parallel — Between A10 & Al11) ADG Il
Taxiway Width 35 = ===
Taxiway Safety Area (TSA)? 79 79 Yes
Taxiway Object Free Area (TOFA) 2 93.6 131 No°
Taxilane Object Free Area --- 115 NA
Taxiway Centerline to Parallel Taxiway/Taxilane Centerline? --- 105 NA
Taxiway Centerline to Fixed or Movable Object 28.0 65.5 No®
Taxilane Centerline to Parallel Taxiway/Taxilane Centerline - 97 NA
Taxilane Centerline to Fixed or Movable Object - 57.5 NA
Taxiway Wingtip Clearance <26 26 No®
Taxilane Wingtip Clearance - 18 Yes
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Table C14 EAST SIDE TAXIWAY DESIGN STANDARDS MATRIX (ADG), IN FEET - CONTINUED

Existing ADG Standard

Taxiway A (Partial Parallel — North of A1) ADG I
Taxiway Width 30 --- ---
Taxiway Safety Area (TSA) ® 49 49 Yes
Taxiway Object Free Area (TOFA) 2 74.5 89 No°
Taxilane Object Free Area - 79 NA
Taxiway Centerline to Parallel Taxiway/Taxilane Centerline3 --- 70 NA
Taxiway Centerline to Fixed or Movable Object 30 44.5 No®
Taxilane Centerline to Parallel Taxiway/Taxilane Centerline - 64 NA
Taxilane Centerline to Fixed or Movable Object --- 39.5 NA
Taxiway Wingtip Clearance 12.1 20 No>
Taxilane Wingtip Clearance - 15 NA

SOURCE: FAA AC 150/5300-13A, Change 1, Airport Design.

1TSA—A clear, graded, and drained area on both sides of a taxiway/taxilane intended to protect the landing gear in the event of
an excursion from the taxiway pavement.

2 Taxiway/Taxilane Object Free Area— An area on both sides of a taxiway/taxilane intended to protect the airplane wing.

3 Dimension may need to be increased to comply with TDG standards when 180 degree turns between parallel taxiways are
required.

4Non-Standard condition is mitigated with existing “aircraft wingspan use restriction” of 108’ — based on BFI Facility Directory.

> Non-Standard condition caused by location of ground service vehicle road located adjacent to the east side of the taxiway.

NA — Not Applicable.

Table C15 WEST SIDE TAXIWAY DESIGN STANDARDS MATRIX (ADG), IN FEET

Existing ADG Standard

Taxiway B (Parallel) & Includes Taxiway Z ADG IV
Taxiway Width 75 75 Yes
Taxiway Safety Area (TSA) ! 171 171 Yes
Taxiway Object Free Area (TOFA) 2 244.5 259 No 4
Taxilane Object Free Area --- 225 NA
Taxiway Centerline to Parallel Taxiway/Taxilane Centerline3 --- 215 NA
Taxiway Centerline to Fixed or Movable Object 103-125 129.5 No 4
Taxilane Centerline to Parallel Taxiway/Taxilane Centerline -—- 198 NA
Taxilane Centerline to Fixed or Movable Object - 112.5 NA
Taxiway Wingtip Clearance 37 44 No 4
Taxilane Wingtip Clearance --- 27 Yes

SOURCE: FAA AC 150/5300-13A, Change 1, Airport Design.

1TSA—A clear, graded, and drained area on both sides of a taxiway/taxilane intended to protect the landing gear in the event of
an excursion from the taxiway pavement.

2 Taxiway/Taxilane Object Free Area— An area on both sides of a taxiway/taxilane intended to protect the airplane wing.

3Dimension may need to be increased to comply with TDG standards when 180 degree turns between parallel taxiways are
required.

4Non-Standard condition caused by location of ground service vehicle road located adjacent to the west side of the taxiway.

NA — Not Applicable.
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Table C16 EAST SIDE TAXIWAY DESIGN STANDARDS MATRIX (TDG), IN FEET

Existing TDG Standard

Taxiway A (Partial Parallel — Between A3 & A10) TDG 5
Taxiway Width 75 75 Yes
Taxiway Edge Safety Margin?® 15 15 Yes
Taxiway Shoulder Width 25 30 No
Taxiway Centerline to Parallel Taxiway/Taxilane Centerline? - 240 NA
Taxiway A (Partial Parallel — Between Al & A3) TDG 3
Taxiway Width 50 50 Yes
Taxiway Edge Safety Margin? 10 10 Yes
Taxiway Shoulder Width (1] 20 No
Taxiway Centerline to Parallel Taxiway/Taxilane Centerline? --- 162 NA
Taxiway A (Partial Parallel — Between A10 & Al11) TDG 2
Taxiway Width 35 35 Yes
Taxiway Edge Safety Margin?® 7.5 7.5 Yes
Taxiway Shoulder Width 0 15 No
Taxiway Centerline to Parallel Taxiway/Taxilane Centerline? - 162 NA
Taxiway A (Partial Parallel — North of A1) TDG 1A
Taxiway Width 30 25 Yes
Taxiway Edge Safety Margin?® 5 5 Yes
Taxiway Shoulder Width 0 10 No
Taxiway Centerline to Parallel Taxiway/Taxilane Centerline? - 70 NA

SOURCE: FAA AC 150/5300-13A, Change 1, Airport Design.
1 Taxiway Edge Safety Margin— minimum pavement to be provided between the outer edge of the main gear tire and the edge of
taxiway/taxilane pavement.
2 TDG standards are more demanding than ADG standards when 180 degree turns between parallel taxiways are required.

Table C17 WEST SIDE TAXIWAY DESIGN STANDARDS MATRIX (TDG), IN FEET

Existing TDG Standard

Taxiway B (Parallel) TDG 5
Taxiway Width 75 75 Yes
Taxiway Edge Safety Margin?® 15 15 Yes
Taxiway Shoulder Width 25 30 No
Taxiway Centerline to Parallel Taxiway/Taxilane Centerline? - 240 NA

SOURCE: FAA AC 150/5300-13A, Change 1, Airport Design.
1 Taxiway Edge Safety Margin— minimum pavement to be provided between the outer edge of the main gear tire and the edge of
taxiway/taxilane pavement.
2 TDG standards are more demanding than ADG standards when 180 degree turns between parallel taxiways are required.

As noted above, the existing non-standard conditions associated with the BFI taxiway system are
primarily associated with the taxiway object free areas (TOFAs), but also includes some taxiway shoulder
widths. At present, the mitigation technique that has been applied to one of the non-standard TOFA
dimensions has been the publication of aircraft use restrictions within the Airport’s Facility Directory.
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With regard to the existing non-standard taxiway shoulder dimensions, unprotected soils adjacent to
runways and taxiways are susceptible to erosion due to jet blast. A dense, well-rooted turf cover can
prevent erosion and support the occasional passage of aircraft, maintenance equipment, or emergency
equipment under dry conditions. Paved shoulders are only required for taxiways, taxilanes, and aprons
accommodating ADG IV and larger aircraft (e.g., the Boeing 767 series), and are recommended for
taxiways, taxilanes, and aprons accommodating ADG Il aircraft (e.g., the Boeing 737 series).

Each of these existing taxiway non-standard conditions will be evaluated in conjunction with the
preparation of the airside alternatives, as well as a review of the basic taxiway design concepts and
methodologies that were outlined in the previous section. All options to mitigate or resolve these
existing non-standard conditions will be identified for potential implementation.

As noted in the previous section, each of the runways at BFI are served by either parallel or partial parallel
taxiway systems that serve both sides of the runway and are provided with connector/exit taxiways at
various locations along the runway that are designed to varying standards and dimensions. According to the
FAA taxiway design guidance provided in AC 150/5300-13A, Change 1 AIRPORT DESIGN, right-angled taxiways
are the recommended standard for all runway/taxiway intersections, except where there is a need for high-
speed or angled exit taxiways at congested airports to enhance throughput capacity. For example, at BFI, the
angled exit taxiway that serves landings to Runway 14R (i.e., Taxiway A4), and the angled exit taxiways that
serve Runway 14L/32R (i.e., Taxiways A3, A4, and A5) facilitate quick and efficient exit off the runway.

Optimally located/aligned exit taxiways minimize runway occupancy times and allow the airfield to be used
more efficiently. Table 4-13 from AC 150/5300-13A provides the cumulative percentages of aircraft typically
able to exit runways at specific exit taxiway locations, in 500-foot increments. Percentages for both wet and
dry runway conditions are included as are right-angled and acute-angled exit taxiway configurations.

As presented in Tables C18 and C19, the performance capabilities of the existing exit taxiway system for both
runways at BFIl has been evaluated and are graphically depicted in Figures C20 and C21. Based upon this
analysis, the optimal exit taxiway location for small multi-engine aircraft weighing less than 12,500 lbs. is
between 1,750 and 3,500 feet, between 5,500 and 7,000 feet for large aircraft weighing between 12,500
pounds and 300,000 pounds, and between 6,000 and 7,500 feet for heavy aircraft weighing greater than
300,000 pounds. It should be noted that since the percentages provided in Tables 4 through 13 of the AC are
based on 500-foot increments, the approximate exit percentage for those exit taxiways located in between
the 500-foot increments have been interpolated. The findings of this analysis will be coordinated with input
from the BFI ATC and Airport Operations Staff, and subsequently incorporated into the preparation of airside
development alternatives that will include any recommended taxiway improvements.
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MASTER PLAN UPDATE

Table C18 RUNWAY 14R/32L EXIT TAXIWAY ANALYSIS

Distance from Percentage of Aircraft Exiting Runway

e
ey n-—n--lln

Runway 14R (East Side) RorA RorA
Taxiway A (R) 1,290 22 0 0 0 14 0 0 O
Taxiway A4 (A) 2,800 99 25 0 0 90 5 0 0
Taxiway A7 (R) 4,350 100 99 5 0 100 88 3 0
Taxiway A8 (R) 4,950 100 100 49 9 100 100 12 0
Taxiway A9 (R) 5,700 100 100 83 48 100 100 37 5
Taxiway A10 (R) 7,400 100 100 100 100 100 100 95 74
Taxiway A1l (R) 9,100 100 100 100 100 100 100 100 100
Runway 14R (West Side) Ror A RorA RorA RorA R&A R&A R&A R&A
Taxiway B2 (R) 1,290 22 0 0 0 14 0 0 0
Taxiway B3 (R) 2,750 99 25 0 0 90 5 0 0
Taxiway B4 (A) 4,350 100 99 5 0 100 88 3 0
Taxiway B5 (R) 5,800 100 100 84 49 100 100 38 6
Taxiway B7 (R) 7,400 100 100 100 100 100 100 95 74
Taxiway B9 (R) 9,000 100 100 100 100 100 100 100 100
Taxiway B10 (R) 9,850 100 100 100 100 100 100 100 100
Runway 32L (East Side) RorA RorA RorA RorA R&A R&A R&A R&A
Taxiway A10 (R) 1,670 40 0 0 0 24 0 0 0
Taxiway A9 (R) 3,400 100 78 1 0 98 39 0 0
Taxiway A8 (R) 4,150 100 99 14 0 100 82 2 0
Taxiway A7 (R) 4,750 100 100 36 5 100 98 8 0
Taxiway A4 (R) 6,370 100 100 95 81 100 100 64 23
Taxiway A2 (R) 7,800 100 100 100 100 100 100 100 88
Taxiway Al (R) 9,100 100 100 100 100 100 100 100 100
Runway 32L (West Side) Ror A Ror A Ror A RorA R&A R&A R&A R&A
Taxiway B7 (R) 1,670 40 0 0 0 24 0 0 0
Taxiway B5 (R) 3,300 100 75 1 0 97 38 0 0
Taxiway B4 (A) 4,750 100 100 36 5 100 98 8 0
Taxiway B3 (R) 6,300 100 100 95 81 100 100 64 23
Taxiway B2 (R) 7,800 100 100 100 100 100 100 100 88
Taxiway B1 (R) 9,100 100 100 100 100 100 100 100 100
SOURCE: FAA Advisory Circular 150/5300-13A, Change 1, Airport Design (February 2014), Tables 4-13.
Note: S —Small, single engine (12,500 Ibs. or less). T —Small, twin engine (12,500 lbs. or less).
L — Large (12,500 Ibs. to 300,000 lbs.). H — Heavy (> 300,000 Ibs.).
R — Right Angled Exit. A — Acute Angled Exit.
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MASTER PLAN UPDATE

Table C19 RUNWAY 14L/32R EXIT TAXIWAY ANALYSIS

Distance from Percentage of Aircraft Exiting Runway
Landing Threshold Dry Conditions (%) Wet Conditions (%)
(nFeet) | s | 17 | L | s | T | L

Runway 14L (East Side) RorA RorA RorA R&A R&A R&A
Taxiway A4 (A) 1,500 39 0 --- 23 0 ---
Taxiway A7 (R) 2,800 100 30 --- 90 5 ---
Taxiway A8 (R) 3,400 100 78 --- 98 39 ---
Runway 14L (West Side) R/A R/A R/A R&A R&A R&A
Taxiway A4 (R) 1,500 39 0 --- 23 0 ---
Taxiway A7 (R) 2,800 100 30 --- 90 5 ---
Runway 32R (East Side) R/A R/A R/A R&A R&A R&A
Taxiway A5 (A) 950 13 0 --- 4 0 ---
Taxiway A4 (R) 1,560 39 0 --- 23 0 ---
Taxiway A3 (A) 2,000 90 1 - 60 0 -
Taxiway A2 (R) 3,300 100 76 --- 97 36 ---
Runway 32R (West Side) R/A R/A R/A R&A R&A R&A
Taxiway A4 (A) 1,560 39 0 - 23 0 -
Taxiway A2 (R) 3,300 100 76 --- 97 36 ---

SOURCE: FAA Advisory Circular 150/5300-13A, Change 1, Airport Design (February 2014), Tables 4-13.

Note: S- Small, single engine (12,500 Ibs. or less). T —Small, twin engine (12,500 lbs. or less).

L —Large (12,500 Ibs. to 300,000 lbs.). R — Right Angled Exit.

A — Acute Angled Exit.
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Landside facilities are those facilities which support the airside facilities but are not actually a part of the
aircraft operating surfaces. These consist of such facilities as terminal buildings, hangars, aprons, access
roads, and support facilities. Following an analysis of these facilities, current deficiencies can be noted in
terms of accommodating both existing and future aviation needs at the Airport.

Components of the passenger terminal complex include the terminal building, gate/parking positions, apron
area, vehicular access, and auto parking, which are presented in Figure C22. As noted in the Inventory
chapter, the Airport is served by a combination of scheduled and non-scheduled commercial air carrier
operators [i.e., one scheduled commuter airline operator - Kenmore Air and non-scheduled “on-demand”
passenger service operated by the Justice Prisoner & Alien Transportation System (JPATS) program]. Each of
these airline operations are conducted in the lower level of the passenger terminal building, with Kenmore
Air's commuter operation representing approximately 54 percent of the BFI passenger counts.

After comparing Kenmore Air’s existing and projected operational levels (the commuter carrier currently
operates five daily departures) to the generalized terminal building space planning guidelines for Level-of-
Service C peak hour passengers referenced in the draft version of AC 150/5360-13A Airport Terminal
Planning and Design and presented in Airport Cooperative Research Program (ACRP) Report 25 Airport
Passenger Terminal Planning and Design, it was determined that the existing facilities!! allocated for
accommodating scheduled passenger throughput (i.e., Check-In Queue Area, Wait/Circulate, Hold Room,
Baggage Claim, and Government Inspection Services) would be able to accommodate all forecast commercial
operations and enplanements throughout the 20-year planning period. In addition, because Kenmore Air
provides commercial passenger service with aircraft that do not exceed the 12,500-pound weight
classification or loadings in excess of 30 passengers, and there are no forecast changes in this service level,
the airline and the Airport are not required to provide a security program that is administered by the
Transportation Security Administration (TSA). Therefore, there are no expansion or modifications planned
for the passenger terminal building within the planning period of this MP Update.

Passenger Terminal Apron. Consisting of about 1.6 acres, the existing passenger terminal apron is currently
shared between Kenmore Air (providing commercial passenger service with Cessna 208 Caravans), AIRPAC
Airlines (providing contract courier service with a freighter fleet of Piper PA-31 Chieftain and Piper PA-34
Seneca |l aircraft), international aircraft operations that require Federal Inspection Services provided by the
U.S. Customs Service, and JPATS aircraft providing government operated scheduled passenger service for
prisoners and criminal aliens. Given Kenmore Air’s existing and projected operational levels, and no planned
changes with the commuter’s aircraft fleet, it is estimated that the existing size of the passenger terminal
apron will also be adequate through the 20-year planning period of this Study.

11 Kenmore Air currently leases just over 600 ft?> within the lower level of the passenger terminal building, which does not include the
common areas associated with the entry area of the building (e.g., overflow waiting areas, café facilities, restrooms, etc.).
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The Airport’s roadway access system consists of three components:

Terminal area entrance and local access roadways (e.g., King County Airport Access Road, Airport
Way South, Interstate 5, etc.)

Passenger terminal vehicle parking (i.e., ground level parking for 207 vehicles)

Terminal building curb frontage (i.e., 250 linear feet)

Based upon the relatively low passenger counts generated by Kenmore Air at five daily flights with 9-seat
aircraft, the throughput capacity of the terminal entrance road and terminal curb will be adequate through
the planning period. It should also be noted that other public transit options to the east side of the Airport
(e.g., City bus service along Airport Way South with designated stops at the terminal building) are not
currently provided.

The Ground Access Capacity section of this chapter also identified the potential development of the Boeing
Access Road (BAR) Link/Sounder Infill Transfer Station located along the south side of South Boeing Access
Road, between I-5 and the BNSF/UP Rail lines, which would have to be approved by voters on the November
2016 ballot. The Transfer Station could also be served with shuttle bus service to link the various
employment centers associated with the Airport, including the passenger terminal building, and the
surrounding Industrial Corridor. In addition, the existing passenger terminal parking facility, which consists
of ground level parking for 207 vehicles that also serves the tenant employees of the terminal and the King
County Airport offices, is projected to have sufficient capacity through the 20-year planning period.
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The BFI air cargo activity is currently represented by eight carriers that operate a variety of aircraft, ranging
in size from smaller general aviation (e.g., the Piper Chieftain PA-31) operated by AIRPAC Airlines to large
widebody air carrier aircraft (e.g., B-767-300F) operated by UPS. The existing BFl air cargo areas,
represented by three development sites, are located on the east side of the Airport:

The first area, located in and adjacent to the passenger terminal, is associated with AIRPAC Airlines
that leases space in the north end of the terminal building and adjacent apron area.

The second cargo area (utilized exclusively by UPS and Ameriflight) is located just south of the
terminal and consists primarily of apron area, accommodating parking positions for four large air
carrier aircraft and parking positions for several smaller aircraft, as well as a variety of small
storage/office buildings and vehicle parking/cargo transfer areas.

The third cargo area (formally utilized exclusively by BAX Global) is located further to the southeast
(adjacent to the Runway 32R threshold) and consists primarily of apron area, accommodating
parking positions for two large air carrier aircraft, as well as a storage/office building and vehicle
parking/cargo transfer areas.

These three existing air cargo development areas are presented in Figure C23.

In 2015, approximately 134,371 tons of cargo (97 percent freight and 3 percent mail, both enplaned and
deplaned) was handled at the Airport, with 73 percent of the air cargo transport operations being conducted
on wide-body aircraft. As presented in the previous Forecast chapter, air cargo tons at the Airport are
projected to increase at an annual rate of 1.3 percent through the planning period, increasing to
approximately 173,671 tons by 2035. In 2015, 12,336 air cargo aircraft operations were recorded at BFI.
Total air cargo aircraft operations are projected to increase 1.0 percent annually, representing a total of
15,052 operations in 2035. It is unknown at this time how the former BAX Global cargo lease hold may be
utilized or reconfigured going forward; however, the area will be reevaluated for future air cargo
development in the following alternatives chapter. Based upon the projected air cargo transport growth
rates, the existing cargo apron areas are anticipated to be adequate in size to accommodate the increasing
air cargo operation counts through the planning period.
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These facilities at BFI are currently highlighted by the Boeing Company’s various civilian and military aircraft
operations, which include the Boeing 737 Flight Test Facility & Delivery Center and the Boeing Military Flight
Center & Test Facility. Boeing currently leases approximately 106 acres located in the northwest quadrant of
the Airport (consisting of apron, hangars, and offices) that are associated with the Boeing 737 Flight Test
Facility & Delivery Center. However, Boeing also has existing facilities located adjacent to this area, but
outside the Airport boundary (i.e., approximately 16.2 acres), which are accessed via a “through-the-fence”
agreement with the Airport. An additional 96.6 acres of Boeing property, with office and parking support
facilities, is located on the west side of E. Marginal Way S. In addition, a portion of the existing Boeing
Company’s Military Flight Center & Test Facility, consisting of approximately 25.3 acres, is operated with a
“through-the-fence” agreement with the Airport and provided airfield access using the Taxiway B10
connector. An additional 86.9 acres of Boeing property adjacent to this area is located on the west side of E.
Marginal Way S., and provided with large hangar, office and parking support facilities. The Airport also
maintains a separate aircraft access lease with Boeing for the occasional movement of aircraft from Airport
property, via the Taxiway B6 connector, west across E. Marginal Way S. to existing off-Airport Boeing
facilities. Existing vehicular access to the area is provided from East Marginal Way South.

These various existing aviation industrial development areas related to the Boeing Company (both on and off-
Airport property) are presented in Figure C24. |n addition, King County recognizes the Airport is land-
constrained for future aviation development and is investigating future land acquisition and/or additional
through-the-fence development options to accommodate additional aviation development demands (e.g.,
future aircraft parking requirements in response to increased aircraft production rates). According to current
planning activities, the Boeing Company is investigating various options for increasing the number of large
aircraft apron parking positions to support both their civilian and military operations at BFI. Alternatives will
be examined in the following chapter to potentially accommodate this future airfield development
requirement, and the existing Prologis (former Sabey) property redevelopment site, located directly south of
the Airport, is one of the off-Airport properties that will be investigated.

The majority of existing general aviation aircraft storage facilities at BFI, consisting of approximately 78.8
acres are located on the east side of the Airport and provided with direct access to the east side partial
parallel taxiway system (Taxiway A). However, additional general aviation property is located within the
southwest quadrant of the Airport, consisting of approximately 28.2 acres, that are provided with direct
access to the west side parallel taxiway system (Taxiway B). Aircraft based at BFI are stored in a variety of
large commercial hangars (i.e., Fixed Base Operator and charter hangar storage facilities), large private
corporate hangars, and smaller aircraft T-hangars or tiedown apron. Over the course of the 20-year planning
period the number of based aircraft is forecast to decrease slightly from 380 to 372 based aircraft, which
typically indicates that a decrease in storage facilities will be required. However, the projected continuation
in decline of single and twin-engine piston aircraft could be offset by slight increase in business turbine/jet
aircraft that would increase the aircraft storage requirements.
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It is assumed that the future storage space requirements will reflect many of the same characteristics of
current storage patterns, with the majority of the based aircraft fleet being stored in hangars, and the trend
of increasing general aviation aircraft size also playing a role in defining future development needs.

Perhaps the most important influence contributing to the need for a comprehensive analysis of the future
development needs for general aviation is the configuration of the existing facilities in consideration of space
currently available for development. As can be noted on Figure C25, there are essentially no remaining
undeveloped parcels of Airport property that can be identified for future general aviation development.
However, there are a few existing areas that could be evaluated for reconfiguration to better accommodate
future hangar demand. In addition, there is one out-parcel located on the west side of the Airport (i.e., the
Woods Meadow property), consisting of approximately 3.7 acres, which has been identified for acquisition in
the Airport’s current CIP, and will be evaluated for general aviation uses.

Following are several storage options that will be considered in the new development or reconfiguration of
future general aviation facilities at the Airport.

Tiedown Storage Requirements/Based Aircraft. Aircraft tiedowns are provided for those aircraft that do not
require, or do not desire to pay the cost for, hangar storage. It is projected that the number of based
aircraft using apron tiedown spaces will total approximately 106 (equating to approximately 6.6 acres) during
the 20-year planning period. Space calculations for based aircraft apron requirements typically use 360
square yards of apron for each aircraft to be tied down. This amount of space typically allows for aircraft
parking and circulation between the rows of parked aircraft. As presented in Table C20, the existing based
aircraft tiedown apron provided at BFI would accommodate the projected amount needed throughout the
20-year planning period.

Tiedown Storage Requirements/Itinerant Aircraft. In addition to the needs of the based aircraft tiedown
areas, transient aircraft also require apron parking areas at BFl. The Airport is served by three full service
Fixed Base Operators, and several provide apron tiedown storage options for transient aircraft. Based upon
projected general aviation itinerant operation counts, the itinerant apron requirements at BFl are expected
to increase slightly to approximately 54 tiedown spaces (equating to approximately 9.0 acres) during the 20-
year planning period. Space calculations for itinerant aircraft apron requirements typically use 400 square
yards of apron for each aircraft. This allows for aircraft parking and circulation between rows of parked
aircraft, accommodates aircraft that tend to be larger than based aircraft, and provides additional
maneuvering space for users who are not as familiar with the layout and circulation patterns. As presented
in the following table, the existing itinerant aircraft tiedown apron provided at the Airport would also
accommodate the forecasted amount throughout the 20-year planning period.
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Table C20 APRON STORAGE REQUIREMENTS, 2015-2035

Based Aircraft Apron Tiedown Spaces (no/acres) 159/11.1 97/6.0 101/6.3 103/6.4 106/6.6
Itinerant Aircraft Apron Tiedown Spaces (no./acres) 101/7.8 52/8.6 49/8.1 52/8.5 54/9.0
Total Apron Tiedown Spaces 260/18.9 149/14.6 150/14.4 155/14.9 160/15.6
SOURCE: BFl records & Mead & Hunt analysis.
1 Actual.

In consideration of future apron tiedown modifications that may be required in this planning effort, several
apron design and planning guidelines are presented as follows:

Aprons and associated taxilanes should be designed based on a specific Design Aircraft and/or the
combination of aircraft that will use the facility. Itinerant aprons should be designed for easy access
by the aircraft under power. Aprons designed to handle jet aircraft should consider the effects of jet
blast and allow sufficient space for safe maneuvering.

The primary design consideration is to provide adequate wingtip clearance for the aircraft positions
and the associated taxilanes. Parked aircraft must remain clear of the Object Free Areas (OFAs) of
runways and taxiways and no part of the parked aircraft should penetrate the runway approach and
departure surfaces.

The layout of aprons on the Airport should be grouped according to the aircraft wingspans. This
allows the taxilane OFA width to be optimized for the aircraft using the area. It is also a good practice
to separate corporate jets and heavy jets from lighter propeller powered aircraft to minimize the
effects of jet blast and prop wash.

Recommended surface gradients have been developed to ease aircraft towing and taxiing while
promoting positive drainage. The maximum allowable grade in any direction is 2.0 percent for AACs A
and B and 1.0 percent for AACs C, D, and E.

Hangars. As stated previously, large aircraft hangars are the preferred storage facility for existing based
aircraft owners at BFI, and the projected increase in based business jets suggests a continued trend in these
storage practices. Therefore, it is important that the Airport continue to plan for and reserve space for these
facilities, also considering both the vehicular and taxiway access requirements associated with each
proposed development area.
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In efforts to maximize and/or diversify the revenue generating capabilities of airport property that is not well-
suited to accommodate direct aviation uses, airport sponsors can proactively pursue the development of
aviation-compatible/non-aviation development areas on the airport. Examples of existing non-aeronautical
development areas at BFl include the Washington National Guard (WANG) Unit, the former Rosso Property,
and the Museum of Flight (MOF) facilities. A brief description of these facilities is presented in the following
text, along with Figure C26. It should also be noted that FAA has established a specified protocol for airport
sponsors to follow regarding the designation and approval of airport property for non-aeronautical uses.
These property release regulations are presented in the following Alternatives chapter of this document.

Washington Army National Guard Facilities. The Washington Army National Guard (WANG) facilities, which
consist of about 7.6 acres, is located in the far northwest portion of the Airport and provided direct vehicular
access from Ellis Avenue South via South Willow Street and South Warsaw Street. The Base includes a variety
of parking areas for both civilian autos and military vehicles, as well as administrative buildings,
industrial/service buildings, and numerous base support facilities. Because the existing land lease for the
WANG property expires in the year 2023, this parcel has been identified as a candidate site for potential
redevelopment.

Former Rosso Property. The former Rosso property, which consists of approximately 3.6 acres, is located at
the north end of the Airport and represents one of the last remaining undeveloped parcels at BFI. The
potential development site is located outside the existing boundary of the runway protection zone, but
within the extended approach surface to Runway 14R. Thus, the site is somewhat development restricted
due to both height restrictions and aircraft overflights. Given the scarcity of Airport property, the existing
ALP identified this area for future small aircraft storage facilities (both hangar and apron areas), which is still
an option, but the site should also be evaluated for potential aviation-related or Airport support uses.

Museum of Flight. Though not technically on Airport property, the Museum of Flight (MOF) facilities are
located on 20.8 acres of property adjacent to the Airport, with approximately 75 percent of the acreage being
located just west of the approach end to Runway 32L, and the balance of the property being located on the
west side of East Marginal Way South. The MOF does currently lease approximately 1.5 acres of existing
Airport tiedown property for static aircraft displays and the existing museum apron area is also provided with
airside access to Taxiway B (i.e., the west side parallel taxiway system serving Runway 14R/32L.

In addition to the facilities described above, there are several Airport support facilities that have quantifiable
requirements and that are vital to the efficient and safe operation of the Airport. At BFI, these include the
Airport Traffic Control Tower (ATCT), the Fuel Storage Facility, the Aircraft Rescue and Fire Fighting (ARFF)
Facility, and the Airport Maintenance Facility. A brief description of these facilities is presented in the
following text, which includes an illustration (i.e., Figure C27) that identifies the location of these facilities at
BFI.
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Airport Traffic Control Tower (ATCT). The BFI ATCT is located at mid-field, on the west side of the Airport
(adjacent to the ARFF building). The ATCT is defined as a “Tower with Display (VFR)” with Class B airspace
that is operated by FAA personnel twenty-four hours daily. An ATCT Line of Sight Shadow Study was
prepared for BFl in 2006 utilizing FAA’s “ATC Visibility Tool”, and it was determined that all areas of the
airfield within the Airport Operations Area (AOA) defined “visibility zone” maintain a clear Line of Sight for
the ATCT controller.

Fuel Storage Facility. BFI currently offers aircraft fueling services and products ranging from Avgas, Jet A,
Military Jet fuel, unleaded, and diesel. These products are provided by three Fixed Base Operators (FBOs)
from fuel storage/dispensing facilities that are sited at various locations on Airport property. In addition,
there are several based corporate aircraft operators and the Boeing Company that also maintain private fuel
storage facilities used for self-fueling both corporate and Boeing aircraft.

According to fuel sale records provided by Airport management, there has been an average of 602,360
gallons of AVGAS and 24,973,227 gallons of Jet A sold per year, over the past ten years. Based on 2015 total
operation counts, this equates to just under 13 gallons of AVGAS fuel sold per piston-powered aircraft
operation, and just under 200 gallons of Jet A fuel sold per turbine-powered aircraft operation. Typically, as
operations increase, fuel storage requirements can be expected to increase proportionately. Current
operational trends at BFI reflect that more general aviation aircraft are being used for business purposes and
less for pleasure and leisure purposes, and the distance travelled is typically longer for business aircraft
compared to aircraft flown for pleasure and leisure. Therefore, it is expected the ratio of AVGAS gallons sold
per operation will slightly increase throughout the 20-year planning period. It is also projected that the
number of business jet and Boeing-related aircraft operations will increase in the future, thus the ratio of Jet
A gallons of fuel sold per operation will also increase throughout the planning period.

Using the increasing gallons sold per operation ratio, an estimate of future fuel storage needs can be
calculated as a two-week supply during the peak month of operations. As can be seen in Tables C21 and C22,
it appears that the Airport’s existing Jet A fuel storage facility is somewhat undersized, based upon this
generalized planning standard, and that the storage requirements will steadily increase throughout the
planning period. As noted in previous sections, the existing BFI fuel storage facility is partially located within
the Runway 14R RPZ and any future expansion considerations would also likely include a relocation of the
existing facility. Therefore, the identification and evaluation of alternative Airport fuel storage development
sites will be included in following chapter of this document.
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Table C21 ESTIMATED AVGAS FUEL STORAGE REQUIREMENTS, 2015-2035

Average Day of Peak Month Operations 102 100 98 102
Two Week Operations 1,421 1,399 1,376 1,422
Gallons per Operation 12.9 13.0 13.5 14.0
Fuel Storage (Total Gallons) 35,000 2 18,188 3 18,573 3 19,9123

SOURCE: BFI Fuel Storage/Sales records & Mead & Hunt.
! Base year estimates.
2 Existing fuel storage capacity.
3 Typical 2-week storage supply estimates.

Table C22 ESTIMATED JET A FUEL STORAGE REQUIREMENTS, 2015-2035

Average Day of Peak Month Operations 449 442 435 449
Two Week Operations 6,284 6,186 6,083 6,289
Gallons per Operation 200.0 210 230 250
Fuel Storage (Total Gallons) 517,100 2 1,299,092 3 1,399,180 3 1,572,228 3

SOURCE: BFI Fuel Storage/Sales records & Mead & Hunt.
1 Base year estimates.
2 Existing fuel storage capacity.
3 Typical 2-week storage supply estimates.

Aircraft Rescue and Fire Fighting (ARFF) Facility. The ARFF facility serving BFl is located near mid-field, on
the west side of the Airport (adjacent to the ATCT and across from the Taxiway B4 connector). In accordance
with FAA Part 139 guidelines, BFl is designated as a Class Il airport, which serves scheduled operations of
small air carrier aircraft and the unscheduled passenger operations of large air carrier aircraft. Based upon
this level of passenger service, Index A ARFF facilities and equipment are provided at the Airport and these
ARFF facility requirements are projected to remain unchanged through the 20-year planning period. The
following table presents the various ARFF Index, length criteria, and representative air carrier aircraft for
comparison. In addition, the site is provided with excellent access to the airfield via the west side parallel
taxiway system (i.e., Taxiway B) and vehicular access to E. Marginal Way S.
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Table C23 REPRESENTATIVE AIR CARRIER AIRCRAFT LENGTHS AND ARFF INDEX

A <90 Feet ATR-72, CRJ-200

B 90 Feet <126 Feet B-737, A-319, B-717, CRJ-700
C 126 Feet <159 Feet B-757, MD-80

D 159 Feet < 200 Feet B-767, A330-200

E >200 Feet B-747, B-787

SOURCE: FAA AC 150/5300-13A, Change 1, Airport Design.

Airport Maintenance Facility. The Airport’s maintenance facility development area is located at the
northwest corner of the airfield, southwest of the Runway 14R localizer antenna. The development area,
which consists of 3.75 acres, includes a large storage facility and an adjacent yard area for bulk storage of
materials and equipment, as well as fuel storage and dispensing facilities. Vehicular access is provided via
South Warsaw Street, which extends east from Ellis Avenue South. Airside vehicular access is provided via
the Airport’s perimeter roadway system that connects directly to the east and west side parallel taxiway
system. The facility currently satisfies the majority of the maintenance-related storage requirements of the
Airport and will continue to be utilized throughout the planning period. However, the Airport’s existing CIP
includes the construction of a Snow Removal Equipment (SRE) Building, and the identification/evaluation of
alternative development sites will be included in following chapter of this document.

The information provided in this chapter provides the basis for understanding the facility improvements that
are needed at the Airport to accommodate future aviation demands efficiently and safely. Following are the
major improvement considerations that have been identified in this chapter.

Confirm and document applicable existing/future airside dimensional criteria (both runway and
taxiway)

Confirm and document all existing non-standard runway and taxiway dimensional standards (see
Table C24 below for summary of findings)

Evaluate improvements to taxiway system layout to reduce runway incursion potential, correct hot
spots, increase safety and efficiency of the airfield system, improve aircraft movement patterns, and
provide access to future development areas

Confirm Airport’s future IFR operational capabilities in consideration of updated airport obstruction
data and future NextGen instrument approach procedure (IAP) considerations (e.g., evaluate
potential IAP enhancement opportunities for Runway 14R/32L)

Incorporate potential upgrades of airside dimensional criteria, resulting from Runway 14R/32L IAP
enhancement, into the evaluation of future airside development alternatives

Document future airside facilities needed to accommodate Airport’s air cargo operations
Document future airside facilities needed to accommodate the Boeing Company’s additional large
aircraft parking positions
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Table C24 EXISTING RUNWAY & TAXIWAY NON-STANDARD CONDITIONS SUMMARY MATRIX

1) Parallel Runway Centerline Separation (Current
separation is mitigated by existing ATC Operational
Waiver that restricts same direction simultaneous
operations by Category Il aircraft (i.e., twin-engine
propeller driven aircraft weighing less than 12,500 lbs.)
during VFR/daytime only conditions)

375’ Existing vs. 700" Min. Standard
(RDC D-1V-4000)
The minimum parallel runway centerline separation
distance specified by ATC for Category Il aircraft is 500
feet.

ROFA width at South end of Runway tapers from 800’ to
2) Runway 14R/32L Object Free Area (ROFA) Width 650’ Existing vs. 800’ Standard
(RDC D-IV-4000)

3) Runway 14R/32L Centerline to Parallel Taxiway A
Centerline Separation

350’ Existing vs. 400’ Standard (RDC D-1V-4000)

4) Runway 14R/32L Centerline to Parallel Taxiway B 325’ - 350’ Existing vs. 400’ Standard
Centerline Separation (RDC D-IV-4000)
Some marked aircraft parking positions are located
5) Runway 14R/32L Centerline to Aircraft Parking Area within the required 500-foot setback from runway
Separation centerline (east of TW A and west of TW B).

(RDC D-IV-4000)
Georgetown Steam Plant & Fuel Farm are located within

6) Runway 14R Approach RPZ Land Uses existing boundary of the RPZ
(RDC D-1V-4000)
Existing roadways, railway, and industrial land uses are
7) Runway 14R Departure RPZ Land Uses located within boundary of the RPZ
(RDC D-IV-4000)
Existing roadway and railway are located within boundary
8) Runway 32L Approach RPZ Land Uses of the RPZ
(RDC D-1V-4000)
80’ Existing vs. 93’ Standard
9) Taxiway A Centerline (between A-1 & A-3) Separation (ADG lI/TDG 3)
to Fixed or Moveable Object All or portion of the Airport’s east side GSV roadway is
located within the Taxiway A Object Free Area (OFA)
30’ Existing vs. 44.5’ Standard
10) Taxiway A Centerline (north of Taxiway Al) Separation (ADG I/TDG 1A)
to Fixed or Moveable Object Portion of the Airport’s east side GSV roadway is located
within the Taxiway A Object Free Area (OFA)
103’ - 125’ Existing vs. 129.5’ Standard
11) Taxiway B Centerline Separation to Fixed or Moveable (ADG IV/TDG 5)

Object All or portion of the Airport’s west side GSV roadway is
located within the Taxiway B Object Free Area (OFA)
Note: 1 As specified in FAA AC 150/5300-13A, Change 1, Airport Design.
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Protect and plan for additional general aviation hangar expansion/redevelopment to accommodate
projected transitional growth in based aircraft fleet (e.g., fleet transition to larger aircraft)
Document future landside facilities needed to accommodate Airport’s air cargo operations
Document future landside facilities needed to accommodate the Boeing Company’s additional large
aircraft parking positions

Maximize revenue generating capabilities of Airport property for non-aeronautical development
that lack existing or potential airside access opportunities (e.g., redevelopment of the WANG and
Former Rosso properties)

Identify future opportunities to improve Public Transit service connections between Airport and
surrounding communities

Identify potential alternatives to accommodate relocation of Airport’s existing fuel storage facility
Identify potential alternatives to accommodate development of Airport’s new SRE facility
Identify/evaluate potential strategic properties (on and off-airport) to accommodate future aviation
development requirements

Incorporate environmentally sensitive design features into future Airport development projects in
accordance with King County's Green Building Ordinance, Strategic Climate Change Action Plan, and
other County environmental goals

It is important to note that the recommendations in this Master Plan Update are provided to convey what
facility improvements might be needed at the Airport, and where those facilities might best be located. In
other words, the Master Plan Update provides comprehensive planning recommendations on how various
areas of the Airport can be developed, in consideration of potential demand and community/environmental
influences. One of the basic assumptions for a master plan (for a complex facility like an airport) is that if a
future improvement is identified on the recommended development plan, it will only be built if there is
actual demand, if the project is financially feasible, and if the environmental impacts are not significant. In
summary, the facility needs information provided in this chapter will be used to develop alternatives for the
configuration of future Airport facilities.
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